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WATER RESOURCES OF THE STATE OF COLORADO.
By A. L. FELLOWS.

INTRODUCTION.

"The State of Colorado, located as it is in the midst of the Rocky
Mountains, the crest of the continent crossing it from north to south,
and comprising as it does a vast variety of physical conditions, vary-
ing from those of the highest mountain regions, where vegetation
ceases to flourish, to plains where fruits almost semitropical may be
raised, furnishes a diversity of problems connected with the disposi-
tion of its water supply unequaled in number and difficulty, perhaps,
by those arising in any other ‘State in the Union. The. snows of
winter, falling upon the continental divide, may furnish the moisture
by which the herbage and trees of the mountains are waterad, and the
waters from these heights, collected in rivulets and streams, may
supply the motive power for operating the stamp mills for the ihines
of the State, or may develop electric power that may be transmitted
for running factories, or may be used for sifting out the particles of
gold in the placers along the streams of both the Pacif'c and the
Atlantic watersheds. Again the brooks and creeks, collected into
larger streams or rivers, enter the broad plains of the eastern half
of the State or the canyon and mesa country of the wester- half, and
furnish the lifeblood of vast irrigated tracts, where crops of the most
diverse kinds may be raised for the sustenance of countlees families,
and thus become the assets upon which agricultural communities may
draw, whether they are dependent upon wheat raising, sugar factories,
potatoes for the Eastern market, alfalfa for feeding lambs snd-sheep,®
or any other of the numerous forms of agricultural industry practiced
in Colorado. Its water supply therefore becomes of the utmost impor-
tance to the State, and it is with the hope that the compilation of all
figures readily obtainable bearing upon the subject may prove of
interest and value to the people, not only of Colorado, but of States
similarly situated, that the preparation of this paper is undertaken.

a Colorado Agricultural College Bulletins. 9
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SOURCES OF INFORMATION.

For a period of about sixteen years the measurement of streams has
been carried on more or less systematically in the State both hy the
Hydrographic Division of the United States Geological Survey and
by the State engineer’s office, working at times in cooperation and at
times separately, but always with the same end in view—that of
throwing as much light as possible on the discharge of the streams
and of determining the feasibility of storing water in available reser-
voirs whenever the need for such storage should hecome apparent.
The discharge measurements given in this paper are compiled from
the records of these offices. When the different records are found to be
conflicting, as they sometimes appear to be, credence is given, after care-
ful consultation with those most intimately acquainted witl: the existing
conditions, to the one appearing to be the most likely to be correct.

The records of the United States Geological Survey and of the
State engineer’s office are the two principal sources from which the
following tables are compiled, but information has alss heen obtained
from engineers located in different parts of the State wherever it was
possible, and in such cases due credit is given.

The drainage areas given are computed from the General Land
Office maps by means of the planimeter, these being the figures
accepted in the reports of the United States Geological Survey. The
descriptions of streams and drainage basins and of reservoir sites are
compiled largely from bulleting, irrigation papers, and reports pre-
viously published, but to a considerable extent also from personal
examination and knowledge. In the computations use has been made
of the tables given in Bulletin of the U. 8. Geological Survey No.
140, pages 14 to 82, and Water-Supply and Irrigation Paper No. 27,
page 96, to which readers are referred for directions concerning the
use of meter and computations of discharge.? In a paper of the size
to which this must be limited, it is, of course, impossible to give com-
plete results of discharge measurements and of daily gage readings.
It has been thought best, therefore, to limit the data given for each
station to a table of gagings and to a general table giving the average
flow for each month, the average for each year, the maximum and
minimum flow for each year, and the most important data connected
with the stream measured. With each table is given a Lrief descrip-
tion of the station at which the results were obtained, showing the
value of these results, the prevailing conditions, and the sources from
which the information was derived. References are made, wherever

aSee also, for methods of making measurements, Annual Reports U. 8. Geol. 8-rvey: Tenth, Part
II, pp. 78 to 86; Eleventh, Part IT, pp. 2 to 22; Fourteenth, Part II, pp. 96 to 100; Nineteenth, Part IV,
pp. 18 to31; Twentieth, Part IV, pp. 20 to 22. Also, State Engineers’ Biennial Reports: Second, pp.
5to 9; Third, p. 5; Fourth, pp. 59 to 88; Fifth, pp. 846 to 349; Sixth, p. 8; Seventh, pp. 196 to 217; and
Irrigation Bulletin No. 1.
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they are deemed desirable, to the reports or water-supply papers of
the United States Geological Survey that give more detailed informa-
tion, so that any reader looking up discharge data upon any. particular
stream may be assisted in his search for the most complete informa-
tion.? For greater convenience of reference the following table,
showing the publications most fully covering the hydrographic work
for each year from 1883 to 1900 inclusive, is given below:

Reports of the State engineers of Colorado.

Second Biennial Report, 1883-1884.

Third Biennial Report, 1885 -1886.

Fourth Biennial Report, Parts I and IT, 1887-1888.
Fifth Biennial Report, Parts I and II, 1889-1890.
Sixth Biennial Report, 1891-1892.

Seventh Biennial Report, Parts T and II, 1893-1894.
Eighth Biennial Report, 1895-1896.

Ninth Biennial Report, 1897-1898.

Tenth Biennial Report, 1899-1900.

Publications of the United Stutes Greological Survey.

Tenth Annual Report, Part II, 1888.

Eleventh Annual Report, Part II, 1889.

Twelfth Annual Report, Part 11, 1890.

Thirteenth Annual Report, Part 111, 1891.

Fourteenth Annual Report, Part 11, 1892.

Bulletin No. 131, Report of Progress of the Division of Hydrography, 1893.

Bulletin No. 181, Report of Progress of the Division of Hydrography; also Six-
teenth Annual Report, Part II, 1894.

Bulletin No. 140, Report of Progress of the Division of Hydrography for the Cal-
endar Year 1895; also Seventeenth Annual Report, Part II, 1895.

Eighteenth Annual Report, Part IV; also Water-Supply and Irrigation Paper No.
11, 1896. ’

Nineteenth Annual Report, Part IV; also Water-Supply and Irrigation Papers
Nos. 15 and 16, 1897.

Twentieth Annual Report, Part IV; also Water-Supplyand Irrigation Papers Nos.
27 and 28, 1898.

Twenty-first Annual Report, Part IV; also Water-Supply and Irrigation Papers
Nos. 35, 36, 37, 38, and 39, 1899.

Twenty-second Annual Report, Part IV; also Water-Supply and Irrigation Papers
Nos. 47, 48, 49, 50, 51, and 52, 1900.

In the compilation of this paper assistance has been given by many
different persons and corporations interested in the use of water, and
to all these thanks are extended. The attempt has been made to give
proper credit in all cases where such assistance has been furnished.
The illustrations are selected from photographs made under the aus-
pices of the Survey, and from those furnished by parties assisting in
the preparation of this paper.

aJt is not intended that the references to publications relating to this subject shall form a com-~
plete bibliography, but an attempt is made to assist the reader in finding some of the most easily
obtainable information on the subjects considered.
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VALUE OF SUPPLY.

The mining industries of Colorado depend very largely upon the
water supply of the mountain region for the development of power
by which stamp mills and sampling works may be opersted, and the
mining towns are dependent upon electric-light and power plants
operated by water; and the mills and factories of the State are, to a
greater and greater extent, being run by the same means; further, the
cultivation of between two and three millions of acres of land is made
possible by water used in irrigation; and when it is seen that this
water supply is so limited that the normal flow of very many of the
streams is entirely exhausted and that already recourse is being had
tostorage in reservoirs, built to conserve, for use in seasons of low water,
floodwater that would otherwise go to waste, it will then be evident
that its water supply is of the greatest moment to the State. This
fact has been recognized by the people themselves ever since the State
was formed, and a complicated system of laws has been built up
controlling the water and its distribution among consumers. This
subject has already been fully treated in a number of different bulle-
tins and papers, among which are Water-Supply and Irrigation Paper
No. 9, U. 8. Geological Survey, and Bulletins Nos. 58 end 60 of the
United States Department of Agriculture, as well as tl o Irrigation
Laws of Colorado, as compiled and furnished by the State engineer’s
office, so that nothing more than a brief discussion as to the owner-
ship of water by Colorado is necessary at this time.

By the State constjtution the water is declared the property of the
State, and as such is to be distributed and used in accordance with its
occurrence and availability. The entire system of State 1nws distribu-
ting the water among consumers is based upon this plan, the State
engineer being made, next to the courts, the head of th» department
having immediate supervision of the subject, and being the final
authority on questions relating to the use of water, subject to appeal to
the courts. Next to him and his deputies are the superintendents of
the various irrigation divisions, of which there are 6, each of them
comprising lands drained by one of the six principal streams of the
State; namely, the South Platte, the Arkansas, the Ric Grande, the
* San Juan, the Grand, and the Green rivers. Kach of tl<se divisions
in turn is divided into water districts, each one comy+ising one or
more of the tributaries of the various large streams, or parts of the
main streams themselves, each district, of which there are 69 in the
State, being. under the supervision of a water commissioner, whose
duty it is to regulate the use of the water under his immediate juris-
diction, appeals being possible from the commissioner to the superin-
tendent, from the superintendent to the State engineer, and from the
State engineer to the courts. This partition of the State into divi-
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sions and districts will be treated more fully later, so th~t further
description is unnecessary at present.

The uses of the water are so numerous and varied that the adminis-
tration of the laws relating to water is very difficult. In Colorado the
riparian doctrine does not obtain, so that this complication is removed—
at least unless decisions should be rendered in the United States courts
acknowledging such rights as belonging to the States into which the
streams flowing out of Colorado run—but the complications are nu-
merous enough as it is. The supply of water is so limited compared
with the demands for it that early rights or priorities beccme of the
utmost importanée. The principal uses to which the water may be
put may be classified in the order of importance as domestic use, irri-
gation, mining, and milling. The use of the normal flow of the streams
is considered as of first importance, the use of stored water being a
matter for secondary consideration.

The order in which water would naturally be used, however, is dif-
ferent, and, leaving out of consideration entirely for the present the
fact that priority of use may determine right to use, it is ohvious that
the physical nature of the State has an important bearing upon the
problems of use. The mines being situated in the mourtains, and
the natural conditions being usually such that the clearest and
best water is found at the higher altitudes, it is evident that, other
things being equal, water for domestic use and for mining would be
demanded at the highest available points upon each stream. After the
water begins to find its way into canyons and over waterfalls—in other
words, when it is discharging from the mountains into the plains—the
conditions evidently become more favorable for the development of
power, the fall of the streams being rapid, and the quant'ties being
sufficient for such use. Again, after the water debouches from the
mountainous area and enters the plains, it is evident that irrigation
may be practiced upon a broader scale, so that the order of use upon
a stream would naturally be domestic use, mining, milling, and water
power, and, finally, irrigation.

The brief discussion of the uses to which the water may be put in
Colorado sufficiently demonstrates the importance of the subject. It
is not within the province of this paper to treat of the administration
of the laws, or to discuss the subject of priorities. Its intention is
simply to show, so far as possible, how much water is available for
use in some of the streams of the State, and to indicate hriefly, by
examples, something of what is being done in harnessing this, one of
the greatest dynamics of nature, for the use of man. At the same
time an effort will be made to show the necessity for the storage of
the waters that now go to waste in the winter seasons ard at flood
stages, in order that there may he the most economical and thorough
use of this great resource. That the period when storage ir demanded
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is already at hand is clear to all students of the hydrography of the
State, for the normal flow of the majority of the streams is already
utilized and exhausted. ~ It is not now proposed to discuss the most
economical use of water—that water is used in Colorado most extrava-
gantly and in ways that would not be tolerated in a country more
advanced in scientific irrigation is heyond question—but simply to
consider the present use of water and endeavor to devise methods by
which this use may be extended, so far as possible, under existing
conditions. Necessity will compel more economical use in the future;
but the present most urgent need is that the water whick now goes to
waste and is of no service to man shall be conserved so as to be availa-
ble-for beneficial use. Such streams as the South Platte, the Cache
la Poudre, the Arkansas and its tributaries, the Rio Grande, and
nuinerous other streams, furnish normally an insufficient supply for
present needs, but if the flow could be equalized by tke storage of
water in reservoirs the irrigated area in Colorado miglt be greatly
extended. The importance of this fact is already felt, and in many
places, as upon the Big Thompson, the Cache la Poudre, and the
Arkansas, considerable water ig already being stored, to the great
benefit of the veople within the irrigable territory lying below the
reservoirs.

RUN-OFF.

The physical conditions affecting the run-off in the State of Colorado
are so various that it is impossible to formulate an even approximately
correctrule as to the percentage of the rainfall carried from the drainage
area into the streams.® In case of a violent storm of the nature of a
cloud-burst in a rocky, mountainous district, as much as 75 or 80 per
cent of the precipitation may be collected into the nearest streams; it
will, however, be largely taken up by percolation into the soil before
it has run a very great distance. On the other hand, a great amount
of water falling gently upon a sandy plain may be entirely ahsorbed
by the soil and may evaporate before any water whatsoover has run
off. Computations of the percentage of run-off are often misleading,
also, from the fact that water is being counstantly taken out of the
various streams for irrigation. For example, no accurate estimate
could be made from the discharge of the Arkansas River at Rocky-
. ford as to the percentage of run-off from the drainage srea above, as
water is constantly being taken out for reservoirs and for direct irriga-
tion, and the amount so taken can hardly be caleculated unless a com-
plete record is made of the intake of each canal, whether large or
small, along the Arkansas and all its tributaries. Where there are no
irrigating canals or ditches along a stream it is comparatively easy to
determine the percentage of the total precipitation cortained in the

a See also Biennial Reports of the State Engineer: Second, pp. 10-18; Fourth, pp. 17-23.
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run-oft at a given point; but when water is diverted from a stream in
such quantities that only a comparatively small portion returns, the
determination of run-off becomes difficult. Where gaging stations are
located at the mouths of canyons, however, above which there is little,
if any, diversion, the percentage may be determined with reasonable
accuracy, although even then it is difficult to find points on any of the
streams above all diversion for irrigation and yet far enough down to
be of great use in the determination of run-off. For example, on the
St. Vrain, the discharge at the gaging station at Lyons will not give
correctly the run-off of the drainage basin above, for the reason that
meadows are being irrigated at places far above the gaging station.
The Boulder, again, is at times losing water that is being stored in
reservoirs high up in the basin, and such is the case with the majority
of the other streams. For these reasons no attempt has been made to
determine what relation the total precipitation bears to the run-off.
Readers interested in these computations are referred to Port IV of
the Twentieth Annual Report of the United States Geological Survey.
That the run-off does depend upon the precipitation, however, is
self-evident, and for this reason a table giving the precipitation at
various points in the State, beginning with the year 1896, is fur-
nished. A comparison of the depth of the run-off in inches, as given
in the tables of discharge, with the precipitation in inches for a given
year, will give an approximately correct idea of the amount of water
flowing in a stream at any given point.“

Normal temperature and precipitation at stations in Colorado.

[Compiled from the records of the Office of the U. 8. Weather Bureau, at Denver, Colo. F. H. Brand-
enburg, section director.]

Precipitation (in inches).
Station. County. %]1%‘1’1“' f %fe 1;521 g%ifﬂ{ 1;1331;19%1
* . or ature. | 1896, | 1897. | 1898. | 1899. | 1900. in clu-y
sive,
South Platte
drainage: Feet. | Years.| ©F.

Boxelder....| Larimer...... 6,950 10 j.oeeeens 17.83 | 21.42 | 16.34 | 14.42-| 17.93 16.46
Laporte .....[..... A0 ..enne.. 5,069 10 [.oeenn.s 15.49 | 17.72 | 13.63 | 13.34 | 20.06 14,387
Fort Collins.|..... do........ 4,99 20 46.8 | 15.76 | 15.24 | 11.03 | 16.19 | 19.21 13.86
Greeley ..... Weld ......... 4,637 11 47.5 | 13.62 | 16.09 | (b) 10.79 | 1L.51 11.83
Moraine ....| Larimer...... 7,900 11 40.6 | 17.28 | 18.87 | 16.46 | 16.58 | 16.72 17.56
Dumont Clear Creek ..| 8,000 101........ 15,01 | 20.82 | 17.16 | 18,19 | 19.54 18.59
Denver. .| Arapahoe 5,291 29 49.8 1 11.84 | 15.37 { 12.98 | 9.33 | 15.29 1415
Castlerock Douglas ......| 6,220 10 46.3 | 20.44 | (b) () 1470 | 14.70 18.59
Hamps...... Elbert ........ 5, 50C 8 45.8 | 1278 | (b) | 12.57 | 12.67 | 21.17 12.26

aSee Reports of the Weather Bureau; also U. 8. Geological Survey Reports: Tenth, Part II, pp. 13-14;
Eleventh, Part II, pp. 23, 25, 205, 214, 251, and 281; Twelfth, Part II, pp. 226, 230, 231, and 245; Thir-
teenth, Part IIT, pp. 25, 28, and 153; Fourteenth, Part II, pp. 150-152; and Biennial Reports of the
State Engineers of Colorado: S8econd, pp. 14-17: and Fifth, Part I, p. 534, Also, Report on Agriculture
by Irrigation, Eleventh Census, by F. H. Newell, p. 91.

bRecord incomplete,
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Normal temperature and precipitation at stations in Colorado—Continued.
Precipitation (ir inches).
Station. County. l?ig;a' 1;5? le'eggh t}éggleﬂ I;Ig %’31
| ord. | ature. | 1896. | 1897. | 1898. | 18f9. | 1900. | o 7
sive.
Kansasdrainage: Feet. | Years. °F.
Leroy ..... ..l Logan ........ 4,380 12 48.1 | 14.18 | 18.48 | 14.95 | 13.22 | 14.74 15.10
10f........ 15,84 | 18.30 | 20.39 | 14.61 | 17.98 16.63
2 16.6% | 20.19 | 18.71 | 10.74 | 18.24 15.13
9 50.1 (@) () 28.48 | (a) . 21.47 18.42
FOX...oeoenfon... s SN IO [ (@) |17.19 | 20.84 | 10.06 | 19.92 | 15.56
Seibert...... Kit Carson ...| 4, 05 L PO 14.42 | 20.94 | 18.65 | 12.62 ; 20.79 14.31
Cheyenne | Cheyenne ....| 4,259 - PO (@) (@) | 18.50 | 14.01 | 18.60 15.76
Wells.
Arkansas drain-
age:
Lake Mo- | ElPaso....... 10,268 (A P 19.70 | 30.32 | 23.14 | 18.59 | 33.46 22.55
raine,
Gleneyre....[..... do........ 6,600 9 46.7 | 15,53 | (@) (@) (a) | 19.34 13.98
Colorado |..... do........ 6,098 21 fo.oo..-. 183.94 | (@) () 8.81 | 13.64 14.13
Springs.
Leadville ...| Lake ......... 10,185 8. (a) | 15.51 | 12,27 | 19.86 | 13.50 14.21
Twin Lakes.|..... do........ 9, 200 T eeeaannn () (@) (@) | ta)y |13.76 15.35
Canyon ..... 5,363 2 ... 11.96 | 11.13 | 11.45 | 9.80 | 14.34 11.76
Pueblo...... 4,734 12 ... 10.31 | 12.71 | 10.85 | 13.05 | 18.37 11.53
Rockyford .. 4,177 12 )., 9.74 | (o) |16-04 | 18.68 | 15.60 13.52
Las Animas . 3,892 5 2 I 11.81 | 10.89 | 15.63 | 12.11 | 15.48 11.19
Lamar ...... Prowers ...... 3,592 11 §........ (a) 15,10 | 17.84 | 19.64 | 19.64 15,17
Westcliffe...| Custer........ 7,864 [ PO 18.27 (a) 16.88 | 12.81 | 16.31 17.29
Clear View..| Las Animas ..| 9,500 11 [e....... 24,00 | 31.76 | 27.31 | 18.49 | 23.08 24,23
Hoehne.....|..... do........ 5,721 L PO, 16.05 | 11.80 | 14.07 | 12.36 | 13.30 13.92
springfield..| Baca.......... 4,400 [ O (@) | (@) |20.75]12.78 | 22.68 | 18.36
Vilas...ooeafoean. do........ 4,158 10 [o.o..... () (a) (a) | 15.48 { 19.66 13.74
Rio Grande
drainage:
Saguache ...| Saguache..... 7,740 10 12.0 | (@) 8.84| 806 | 596 | 6.25 7.52
San Luis....| Costilla....... 7,596 10 42,3 | 12,31 | 13.93 | 14,20 | 10.04 | 10.16 13.06
San Juan drain-
age:
Durango....| La Plata...... 6,534 8 47.83 | (@) | 2493 |16.27 | 14.49 | 9.86 17.98
Mancos ..... Montezuma ..| 7,008 2 45,6 | () (a) (a) | 12.85 | 12.44 (ay
Granddrainage:
Breckenridge | Summit 9,524 12 33,2 | 24.03 | 24.49 ( 16.29 | 29.41 | 14.62 29.44
Parachute ...| Garfield 5,106 9 49.8| (@ | (@ | (¢ |18.14| 7.89| 1187
G.S.ranch _.| Mesa ...._.... 5,200 14 52,1 | (a) | 14.45| 8.87 | 13.17 | 6.09 11.77
Grand Junc-
ion ..o.eaifennns do........ 4,608 10 9.2 | 8.22 | 1L 10| 5.45 | 10.87 | 3.64 8.89
Cedar Edge..| Delta......... 6,175 £ 2 DR, 9.33 { 16.05 | 9.48 | 10.90 { 9.67 11.89
Delta .......|..... do........ 4,980 12 ..., (@) | 11.87 | 4.72| 8. 44| 5.19 8.78
Antlers,..... Garfield ...... 5,850 15 faoeea... (a) |17.92 9.16 | 15.81 | 5.82 (a)
Green drainage:
Meeker ..... RioBlanco...| 6,182 8 leeeeean.| 16.28 | 24,30 [ 13.34 | 20.05 | (a) 516,92
6, 500 9 4111738 ] 29.13 | 18.92 | 24.05 | 12,32 20.53
6,200 L 14.04 | (@ | (@ | (@) | 7.60| 13.62

a Record incomplete.

bNormal to 1898, inclusive,

As has been suggested, the run-off of a mountainous ar-a will differ

very considerably from the run-off of an equal area on the plains.

\

A
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given amount of precipitation, in South Park, for example, will fur-
nish to the same stream a very much greater run-off than the same
amount of precipitdtion on the plains north of Sterling, the more
rocky and broken by ravines the territory the greater Dheing the
percentage of run-off. The character of the rock formation and the
nature of the canyons through which the water flows also have impor-
tant bearings upon this percentage. Twelve inches of pre-ipitation
on the headwaters of the Arkansas will furnish a greater percentage
of run-off than the same amount falling on an equal area of the Mesa
Verde, in southwestern Colorado, the rock in the former case absorb-
ing little water and the soil being of such nature that the water does
not percolate through it to a very great extent, and the rock in the
latter case being a soft sandstone and the ravines having sandy beds.
For these reasons it is evident that to determine the run-off at any
particular point a series of stream measurements must be made, for
determinations based solely on the precipitation of a region would be
only approximate.

The effect of forests in conserving moisture and in rendermg the
discharge of the streams more equal throughout the year is thor-
oughly demonstrated and generally admitted.® Whether or not the
presence of forests increases precipitation in a given terri‘ory is of
little importance compared with the question of the extent to which
the forest keeps back the floods of the spring and early summer for
later use. An examination of discharge tables obtained at stations
that have been long maintained will show that the high-water stage is
becoming each year earlier and of shorter duration. It is self-evident
that anything that will tend to equalize the flow of streams through-
out the year has an important bearing on the use of water. A given
stream may be adequate to irrigate all the cultivable land along its
borders if its water can be properly distributed throughout the irri-
gating season. When, however, as is the case upon many streams, the
water runs off rapidly in May and in the early part of June, it will
bappen that while there is a great surplus of running water during the
early part of the year, yet the stream may be nearly dry at a time
when a great deal of water is needed for irrigation. This is the case,
for example, upon the Mancos River, in the southwestern part of the
State, in which during the month of May enough water goes to waste
to furnish all the adjacent irrigable land with a sufficient suvply if it
could be properly stored.

In studying this question one should not fall into the error of sup-
posing that in order to make the most economical and satisfactory use
of the water the supply should be equal throughout the summer

aSee Fifth Biennial Report of the State Engineer of Colorado, p.43; Bulletin No. 55, Colorado
Agricultural Experiment Station; Twentieth Annual Report, U. 8. Geologica) Survey, Part V, and
reports of the Forestry Division of the Department of Agriculture.

IRR T4—02 2
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season. Usually more water is needed in the latter part of May and
in early June than would be required in any other month; that is to
say, the duty of water—the area of land that may b~ served by a
given quantity of water—is least in May and June, and increases rap-
idly toward the end of the season, so that it would hs a mistake to
suppose that if, for example, 100 cubic féet per second were required
for a given area at the time when most water was neeced, that provi-
sion must also be made for a flow of 100 cubic feet per second regu-
larly throughout the remainder of the so-called irrigation season.
Such a run of water at a time when little of it was being used could
not do otherwise than cause great damage by washing away the soil
and making swamps of the lowlands. The amount of water used at
various seasons will depend largely on the kind of crop-~ raised and on
the nature of the season. This phase of the irrigation problem is
being studied by the Agricultural Department, and a number of bul-
letins and papers have already been written on thix subject,” as well
as on loss of water by seepage and evaporation.? It is therefore suffi-
cient here to call attention to the facts that when the run-off is the
greatest the use of water is also generally the greatest, and that the
amount of water required diminishes somewhat as the normal supply
itself diminishes, only less rapidly; so that the most economical use
of the water of a given stream is obtained when all the land along
that stream is cultivated that can be supplied with water directly from
the stream itself for about two months of the year, the balance of the
supply being stored from waters that would otherwise have gone to
waste during the high stages, and the amount of land cultivated being
so regulated that practically all of the water is used.

On streams where there is no flow normally, as is usually the case
with the streams of the plains, the supply consisting slmost entirely
of a discharge lasting a few hours only during and af‘er storms, the
situation is, of course, different. If all of the water of such streams
can be stored in reservoirs, it may be drawn off gradually and used
for irrigation. The chief difficulties in such cases are that the water
usually comes down in great quantities very heavily laden with silt,
so that it is almost impracticable to construct canals that will carry it
without either erosion or filling, and that reservoirs constructed in the
beds of such streams usually fill with sediment very quickly. Some-
times, however, a stream is so fortunate in its situation and regimen

aBulletins of the U. 8. Department of Agriculture, Office of Experiment Stotions, Nos. 73, 81, and
86, and Bulletin No. 22 of the Agricultural Experiment Station at Fort Collins, Colo., and U. 8.
Geological Survey Annual Reports as follows (see indices of same, under Duty of Water): Tenth,
Part II; Eleventh, Part II; Twelfth, Part II: Thirteenth, Part III; and Fifth Stete Engineer’s Report,
p. 46; Sixth, p. 67; Seventh, p. 7; Eighth, p. 20: Ninth, pp. 17, 51, and 59. Also Report on Agricul-
ture by Irrigation, Eleventh Census, by F. H. Newell, p. 95.

bBulletins Nos, 45 and 48, Agricultural Experiment Station, Fort Collins, Colo., and U. S. Geolog-
ical Survey Annual Reports as follows (see indices of same, under Evaporation): Eleventh, Part IT;
Twelfth, Part II; Thirteenth, Part III; Fonrteenth, Part II; Twentieth, Part II; also Bulletin No. 140.
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that a considerable portion of its water may be drawn away from the
channel in which it flows and diverted to some adjacent reservoir site.
The chief differences, therefore, between a mountain or perennial |
stream and one flowing on the plains are that irrigation may be prac-
ticed from the first by water taken directly from the stream, while the
water from the second must be stored before it can be used, and that
the water of one is comparatively clear, while that of the other is
inordinately filled with silt.

The storage of surplus water is a great problem in itself. In many
localities where there is plenty of water that is going to waste no sat-
isfactory reservoir sites are available; on the other hand, many of the
best reservoir sites of the State are in localities where it is difficult to
get water to them from the natural streams. Few people, compara-
tively speaking, realize how large a reservoir must be to supply any
considerable amount of land with water for irrigation. Tlose who
have reservoir propositions in view should bear in mind th~t where
land is to be irrigated entirely by means of the water stored in a res-
ervoir it will, making all necessary allowances, take approxinmately
2 acre-feet—that is, 2 acres covered with water 1 foot deep, or, what
amounts to the same thing, 1 acre eovered with water 2 feet deep—
to irrigate a single acre of land for a season; so that to irrigate 1,000
acres of land would require a reservoir, let us say, covering an area
of 100 acres 20 feet deep, if all the water is to be derived from this
source and none directly from the stream. This suggestion is made
for the reason that persons often recommend the examination of a
reservoir site which they say would store water for 4 whole town-
ship, whereas in reality it would furnish little more than enough for
stock use for a good-sized cattle ranch. That there are many avail-
able reservoir sites, however, throughout the State, is beyond ques-
tion, and information and data concerning such sites is always gladly
received. A few of the more important sites already examined will
be mentioned from time to time in this paper.

WINTER DISCHARGE. ~

In compiling the tables given hereafter the records for tl'o winter
months have usually been accepted as furnished by the observers. It
is, however, unsafe to trust these records unreservedly, for in nearly
all of our mountain streams ice gorges are constantly being formed in
winter, changing the velocity of the current and the gage height
recorded by the observer without materially changing the discharge
of the stream. It is often safer to strike an average between the
November flow and the flow of about the middle of March or the first
of April following than to trust to the apparent discharge as derived
from the observations. For this reason the winter discharge has been
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omitted from a number of stations where the figures if given would
have been absolutely misleading; they are retained, however, in a few
stations, and where any false impression might arise from the figures
given, attention is called to that fact in & footnote.

EXPLANATION OF TABLES.

In general the tables given in this paper are summ-rized from all
available data. For stations where records exist for from one to three
years only the discharge is given for each year individually, but for
stations where records have been maintained for four or more years
the average discharge is usually given for each montl during which
the record was kept and these averages are again averaged, giving ¢
normal discharge for each month as computed for that month of each
year during which records were kept, these being again averaged for
a normal year or that portion of the year covered by the records.
The discharge in second feet per square mile given in the vertical col-
umns in these tables is the amount corresponding to the average flow
for the same months or periods, the depth in inches being derived
directly from the flow in second feet per square mile and correspond-
ing thereto. The discharge for that portion of each yvear covered by
the record, or for the whole year, as the case may be, is averaged and
placed below the record for that year. The number of acre-feet given
is in each case the corresponding amount for the period covered. The
number of second-feet per square mile is derived from the average flow
for the period covered, and the depth of run-off in inches is derived
from them, usually for a thirty-day period, but at time: for the entire
year or for the entire period covered, the variations being mentioned
in the accompanying footnote in each case. It is believed that the
footnote accompanying each table is sufficient for further explanation
of the table. '

IRRIGATION SYSTEM.

As has already been mentioned, the State of Colorado is divided
into six irrigation divisions, each comprising a considerable portion
of the State, drained usually by a single stream and its tributaries,
these divisions being in their turn divided into districts (see PL 1),
as will be more fully described later.«

The six divisions are as follows: Division No. I, or South Platte
River; No. II, or Arkansas River; No. III, or Rio Grande; No. 1V,
or San Juan River; No. V, or Grand River; No. VI, or Green River;
each consisting in general of the territory drained by the stream
(with its tributaries) from which the division takes its name.

aBulletins Nos, 58, 60, and 73, Office of Experiment Stations, U. 8. Department of Agriculture,
Water-Supply and Irrigation Paper No. 9, U, S. Geological Survey, and reports of the State Engineers
of Colorado,
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MAP OF COLORADO, SHOWING IRRIGATION DIVISIONS, WATER DISTRICTS, AND GAGING STATIONS.
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SOUTH PLATTE DIVISION.
DRAINAGE.

Division No. I, or South Platte River division,? consists of the terri-
tory drained by South Platte River and its tributaries, but includes also
North Park, drained by the North Platte and its tributaries, in which
are located water districts Nos. 46, 47, and.48. Water district No. 65
is also included, which covers the territory within the northern half
of the Kansas River Basin in Colorado drained by Frenchmar Creek,
the North Fork of the Republican, and the Arikaree. The two latter
streams, however, in distriet No. 65, are of little importance, so far
as irrigation in Colorado is concerned, as they head too near the east-
ern border of the State and carry too small amounts of water to be of
much value.” The country drained hy these streams varies in altitude
from about 5,000 down to 3,800 feet above sea level. This area is what
has been known in the past as the rain-belt country, and for some years
there was a general helief that farming could he practiced success-
fully in that region without irrigation, but such farming has not been
found to be profitable, and agriculture in that section hereafter will
be generally limited to small tracts that can be irrigated, either directly
from the streams or by means of storage. In some cases artesian
wells produce a flow sufficient for stock use and for the cultivation of
small patches of ground. No gaging stations have been established
upon any of these streams.

The streams of North Park are of more importance. Dist-ict No.
46 consists of the territory drained by the North Platte proper in
Colorado as far down as its junction with Middle Fork. No. 47 con-
sists of the territory drained by the Middle Fork and its tributaries
and the North Platte below its junction with Middle Fork. No. 48
consists of the drainage basin of the Laramie and its tributaries.
The territory comprising North Park is in general a rolling, more or
less timbered country, with numerous small streams flowing through
it. The principal industry is stock raising, crop raising being limited
to hay and grain. Little irrigation is practiced, this being limited
principally to hay meadows. On the Laramie, however, a com-
plication arises from the fact that a canal, called Skyline canal,
takes a considerable portion of the upper tributaries across the divide
into the drainage of the South Platte River, taking water away from
the State of Wyoming and using it in the drainage basin of the South

Platte.c No measurements are made in Colorado upon the tributaries

aState Engineers’ Reports: Second, p. 26; fourth, pp. 35 and 46: fifth, p. 63, and sixth, p. 67. For
details concerning the different districts, see the Biennial Reports of State Engineers; alsn Report on
Agriculture by Irrigation, Eleventh Census, by F. H. Newell, p. 94 et seq.

b8ee list of miscellaneous measurements, page 69.

cSee Hayden’s Reports; also Nineteenth Annual Report U. S. Geological Survey, Part IV, p. 300;
Twentieth Annual Report, Part IV, p. 393; Water-Supply and Irrigation Paper No. 9, p.42. Also
Report on Agriculture by Irrigation, Eleventh Census, by F. H. Newell, p. 97, ete. M
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of the North Platte, but a station has been maintained for some years
upon the Laramie at Woods, in Wyoming, a few miles north of the
State line, and the results,of these measurements are given in the
table for the Laramie at that point (page 60).

The South Platte River itself rises in South Park and flows in a
generally northeasterly direction to the northeast corner of the State,
which it leaves at a point a short distance helow Julesburg. The
drainage basin has been so fully described in previousr reports and
irrigation papers that only a brief deseription’is necessary, the reader
being referred to thosealready printed.« In general, the western side
of the division is very mountainons, the main stream itself and all the
tributaries of that section issning from high mountains through deep
canyons, many of them, however, draining parks at the headwaters,
where stock raising and some cultivation of hay is earried on. From
the castern slope of the foothills to the eastern houndary of the State
the country is of the plains character, and the streams draining this
section are torrential in their nature. The normal flovr throughout
this entire division js claimed and nsed for irrigation, but in the high
stages of the streams and in the winter season a great deal of water
goes to waste which might be stored in suitable reservoirs.

The water districts now included in this division are Nos. 28,2 8,¢ 2,4
1,° and 64,¢ on the South Platte River; No. 9,7 comprising the terri-
tory drained by Bear Creek; No. 7,9 by Clear Creek; No. 6,% by
Boulder Creek; No. 5,% hy St. Vrain Creek; No. 4,’ by Big Thompson
Creek; No. 3,7 by Cache la Poudre River; Nos. 46, 47, and 48,7 by
tributaries of North Platte River; and No. 65 by tributaries of
Kansas River, the latter district being more properly outside of the
South Platte River division, although legally a part of it.

STREAM MEASUREMENTS.

The following stations have been maintained for a greater or less
time in or near the South Platte division: Cheesman Lake, Platte Can-
yon, Denver, and Orchard on South Platte River; Morrison, on Bear

alee U, S. Geological and Geographical Survey Terr., Hayden, 1875 and 1876. Annual Reports
U. 8. Geological Survey: Tenth, I'art 11, p. 69; Thirteenth, Part Il1I, p. 82; Sixteenth, Part II, p. 542;
Eighteenth, Part IV, p. 159; Nineteenth, Part IV, p. 311; Twentieth, Part IV, r. 277; Twenty-first,
Part IV, p. 200. Also Bulletins No. 131, p. 30, and No. 140, p. 102; Water-Supply anl Irrigation Paper
No. 37, p. 221; No. 49, p. 278, and Tenth Biennial Report State Engineer of Colorado, p. 246.

b Fifth Biennial Report, Part IT, PI1, 1.

¢Ibid., Pl. VII; also Seventh Biennial Report.

aIbid., Pl ITI: also Seventh.

eIbid., PL I[; also Seventh.

fIbid., PL VIII; also Seventh.

gIbid., P1. VI; also Seventh.

kIbid., PL \; also Seventh.

7Ibid., PL. IV.

JNos. 46, 47. 48, and 65 have not been mapped.
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Creek; Forkscreek, on Clear Creek; Marshall, on South Boulder Creek;
Boulder, on Boulder Creek; Lyons, on St. Vrain Creek; Arkins, on
Big Thompson Creek; Fort Collins, on Cache la Poudre; and Woods
in Wyoming, on Laramie River.

The waters of this division are used in all the different ways pre-
viously mentioned. In South Park and in the foothills along the east
front of the Rocky Mountains water is being extensively stored for
domestic use. In the mountains and in places where the fall is great
the water is used for the development of power and also for placer
mining. After leaving the mountains it is used for irrigstion, and
already it is being stored extensively for use late in the irrigation
season, this being especially true of the territory along the Big
Thompson and Cache la Poudre. Cheesman Lake and some of the
other reservoirs of the upper portion of the Platte have already bheen
described,? as have also a number of those of northern Colorado.?
There are undoubtedly enough reservoir sites along the South Platte
and its tributaries to store all the water that now goes to vaste. A
number of these on the plains through which the river flows between
Greeley and Julesburg are now under consideration.

SOUTH PLATTE RIVER AT CHEESMAN LAKE.

This station has been maintained by the Denver Union Weater Com-
pany for the purpose of determining the discharge of the South Platte
at that point with reference to the construction of a large reservoir
for the purpose of providing a suflicient domestic water supply for the
city of Denver and of developing power to be transmitted from the
lake to various points below. The dam is to be of solid masonry, 217
feet in height, and is already well under way (see PL I1I). The lake
when full will be about 7 miles in length, and the capacity will be
probably not less than 4,000,000,000 cubic feet. The same company
has other large reservoirs at points lower down, but none of equal
magnitude with this.c

The records are given for only two years. Those for 1899 are
approximate, but those for 1900 have been carefully compiled and are
very reliable. They are furnished through the courtesy of I1r. C. L.
Harrison, chief engineer of the Denver Union Water Company.?

«House Doc. No. 141, Fifty-fifth Congress, second session, H. M. Chittenden's Report; Water-Sup-
ply and Irrigation Paper No. 87, p. 221; Twenty-First Annual Report U. 8. Geol. Survey, Part IV, fig.
192; Tenth Biennial Report of State Engineer, p. 247,

bWater-Supply and Irrigation Paper No, 9, and Chittenden’s Report above mentionec.

¢ See Chittenden’s Report above mentioned, this reservoir being there called the * South Platte
site.”

dFor more detailed information cencerning this station see Tenth Biennial Report of the State
Engineer of Colorado, p. 248; Water-Supply and Irrigation Paper No. 37, pp. 222-223; No. 39, p. 447,
and No. 49, p. 280.
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Estimated monthly discharge of South Platte River at Cheesinan Lake.
[Drainage area, 1,677 square miles.]
Discharge in second-feet. Run-off,
Total in acre- | gecond-
o Muxi | Mint | gy |G| deetper | Do n
‘ mile. -
1899. |
August ..ol 902 170 354 21,767 | 0.21 0.24
Septembere ... ... .... 198 105 149 8,926 .09 .10
October@. ... .......... 155 34 92 5, 657 .05 .08
Novembera. ... .._.._. 171 55 125 7,438 .07 .08
December .. ........... 112 44 70 4, 304 .04 .04
Last 5 months of o
theyear ...... . ... ... ... .. 158 48, 092 09 .52
1900. I N T
January ................ 27 23 26 1,599 .02 .02
February b ... ... ... .. 27 27 27 1, 553 .02 .02
Mareh, . ... ... ... 103 27 80 4,919 .05 .06
April. ..o oooL... 547 92 254 15,114 .15 .17
May - i 1,540 562 1,038 63, 824 .62 .71
June ... ... ... 1,945 550 1, 204 71, 643 .72 .80
July ool 522 40 208 12,789 .12 L14
August .. ... .ol 126 58 88 5,410 .05 .06
September.._ ... ... 103 63 79 4, 701 .05 .06
Qctober ... ........... 155 39 84 5,165 .05 .08
November.............. 90 37 69 1,106 .04 .04
December ... .__.... 67 18 33 1, 964 .02 .02
Theyear .. . ... | .. .. |........ L @ 266 192, 787 .15 2.16
a Average. b Estimated in part.

List of discharge measurements made on. South Platte River at Cheesman Luke.
[Hydrographer, J A. Runner.]

Date h(g%gﬁt. c}girsé& Remarks.
1899, Feet. 1 Sec.-ft.
July 81 ... 3.62 ‘\ 806 | All gagings are made by floats.
September 8 .. ... ... . ........ 145 184 '
October 8. . ... 123 9
November 19 ... ... ... .._.... 1.30 ! 107
Decemberb. ... . ... .. 1.24 } 97

List of discharge measurements made on Goose

Creek at Cheesman Lake.

[Hydrographer, J. A. Runner.]

Date Hetght, | chatge. Remar'ts.
1899. Feet. Sec.-ft
September 8 .. ... .. ... ... 0.95 24 | All gagings made by floats.
October 8. ... .. ... ........ .84 10
November19.... ... ............ .72 8
December 3. ... ... .. .76 9
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SOUTH PLATTE RIVER AT PLATTE CANYON.

Records have heen kept for a number of years of the discharge of
South Platte River at a point a short distance above where it de-
bouches from the mountainous area into the plains. The station was
located first at Deansbury, but was later removed to a point about 3
miles downstream, near the pumping station of the Denver Union
Water Company. The records for both stations are given in one
table, as they are practically the same, no water being used along this
section except what is taken out by the Denver Union Water Company
at its head gate, which amount would be approximately compensated
by the inflow during the same distance. The station is of importance,
as it gives the discharge of the river just above the point where it
begins to be used on a large scale for irrigation, and is, therefore, of
great value in determining the amount available for storage and the
percentage of run-off from the territory above. The situation is
complicated, however, as has been previously suggested, by the fact
that some irrigation is practiced in South Park, for which reason an
estimate of the percentage of run-off based upon this record would
necessarily be too small. The irrigation ditches of South Park,
although small in size, are many in number, and the aggregate of
water thus used is considerable. At a point about a mile below the
gaging station the first large canal, the Northern Colorado Irrigation
Company’s canal,® is taken out by means of a diverting dam con-
structed across the viver and a tunnel cut through a spur of the canyon
wall. The physical conditions at the station are not favorable to
extremely accurate measurements, for the channel is filled with bowl-
ders and the current is very rapid. The stream bed is not, however,
subject to great change, and for this reason the station has heen main-
tained. Gagings must necessarily be made from a bridge or cable,
owning to the depth and velocity of the water. The bhanks are so
high that there is little danger of overflow.?

aSee Twenty-first Annual Report U, 8. Geological Survey, Part IV, p. 200; also, Report on Agricul-
ture by Irmgation, Eleventh Census, by F. H. Newell, pp. 101 and 109.

b Biennial Reports of the State Engineers of Colorado: Fourth, Part I, p. 63, and Part II. Pl. XVII;
Fifth, Part I, pp. 19 and 24, and Part II, Pl. XI; Sixth, pp. 19 and 26; Eighth, pp. 412 to 419; Ninth,
pp 328 and 329; Tenth, pp. 252 to 265. Annual Reports U. S. Geological Survey: Eighteenth, Part IV,
p. 1569; Nineteenth, Part IV, p. 311; Twentieth, Part IV, p. 280; Twenty-first, Part IV, p. 201. Also,
Bulletin U, 8. Geological Survey No. 140, p. 103, and Water-Supply and Irrigation Papers, No. 11, p. 52;
No 15, p. 87; No. 37, p. 224, No. 39, p. 448, and No. 49, p. 280. Also, Report on Agriculture by Irriga-
tion, Eleventh Census, by F. H. Newell, pp. 101, 109, 114, and 125.
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Maximum and minimum discharge and average run-off of South Platte Piver al Deans-
bury and Platte Canyon for that portion of each year covered by records.

Discharge. Run-off.

Year. Minimum. Maximum. Second-

o Depthin | feet per

inches, square

Date. Amount. Date. Amount. mile,
e [—
Sec.-ft. See.-ft.

1887 . e Sept. — 95 | June — 785 0.93 0.12
1888 ... Oct. — 210 | July — 670 .70 .15
1889, .. ..., Sept. 6 92 | May 21 788 N .11
1890 ... Oct. 30 112 | July 13 875 .98 L14
1891, oLl Apr. b 121 | June 9 1,495 | 1.87 .24
1892 ... QOct. 8 270 | June 26 962 1.09 .21
1895 . .ii.. Dec. 26 92 ' Nov. 19 311 .12 .08
1896 .. . ... Jan. 25 90 ‘ Apr. 28 983 1.22 .09
1897 Jan. 28 67 | June 1 1, 550 1.15 .17
1899, ... ..., Dee. 5 10 | June 20 2,175 2.16 .21
1900. ... ... Feb. 14 41 | June 1 2, 745 1.36 .27

Discharge measurements made on South Platte River at Deunsbury and Platte Cunyon.

Date. Hydrographer. ll(ggigglft, oh]iil;e. ’ Remarks,
\
|-

1895. ( Feet., ] Sec.-ft. ‘
Nov. 30 | L.R.Hope......._... Loy | 197 1 At Deansbury, station No. 1.
Dec. 1 |..... do oo 3.20 102 ‘ Do.
Dec. 7 |..... do ... | 3.60| 160  Do.
Dec. 8| ... Ao el ' s.65| 166 Do.
Dec. 14 |..... Ao e 3.80 183 | Do.
Dec. 20 l.....do ooeiiiii.e. 3.35 | 135 ) Do.

1896. '/ |
Jan. 12 | L.R.Hope........... 3.05{ 94| Do
Jan. 18 |.__ do ..o ..., 3.05 | 94 Do.
Jan. 27 |..... do ... 2.90 , 90 Do.
Feb., 4 |..... do oo, 3.18 116 Do.
Feb. 11 |..... do .o 3.10 1 101 Do.
Feb. 19 |..... do oL | 2.97 91 Do.
Feb, 23 |..... do ool | 3.42 144 Do.
Mar. 18 (.._.. do oL 3.07 97 Do.
Mar. 20 |..__. Ao o 3.75 184 Do.
Mar. 30'|..... Ao el 5.15 | 3712 Do.
Apr. 2..... AO e 14.30 ¢ 259 Do.
Apr. 13| ... do e 4.8 1 329 Do.
May 3 |..... do oL 2.70 | 557 | At Deansbury, station No. 2.
May 26 |..... [ (s R, 2.55 485 Do.
June 9 |..... A0 e 1.90 | 314 Do.
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Discharge measurements made on South Platte River at Deansbury and Platte Canyon—

Continued.
Date. ! Hydrographer. | h%?gghet. chrgrige. ‘} Remarks.
|

1896. ‘ Feet, See, ft \
June 14 \ L.R.Hope......._... 1.44 235 At Deansbury, station No. 2.
July 6 .....do.............. fLe0 138 | Do.
July 24 |..... do .o.....l. 1.66 289 Do.
Aug. 14 [oeee.do oiiiill. N & 125 Do.
Aug. 25 |..... do ..ol 1.30 205 Do.
Sept. 28 [..... do.............. 1.50 239 Do.
Oct. 10 ..... do oo, L1142 23] . Do.
Oct. 20 ... do ool 1,23 193 Do.
Oct. 31 |..... A0 il o33 212 Do.
Nov. 10 |..... A0 o : 127 201 Do.

1897. 1
Jan. 8 | L.R.Hope........__. ‘ 2,75 79 | At Deansbury, station No. 1.
Jan. 16 |..... do ool | 2.68 85 Do.
Jan. 22 ... [ T ‘ 2.56 68 Do.
Jan. 81 |..... do ... . 2,33 56 Do.
Feb. 17 ... do ..ol L 2,58 2 Do..
Mar. 1]..... do e N 90 | Do.
Mar, 11 |..... do.............. 2,82 103 Do.
Mar. 20 |..... do ..ol 2.7 92 Do.
Mar. 27 j..... do .ooo..o. 3.40 165 Do.
Apr. 8 |..... do .ol 417 261 Do.
Apr. 17 |..... do ...l 4,70 343 Do.
Apr. 22 ... do ... 5. 80 511 | Do.
Apr. 8 |..... do ...l .. Le7 261 . At Deansbury, stetion No. 2.
Apr. 17 |..... do el Co9.02 343 Do.
Apr. 22 |.___. do ool } 2.62 511 Do.
Apr. 8 |..... do oooiiiiiiiL L 3.05 64~ Do.
Apr. 9 [.io.ido ciiiieii Y8.50 831 Do.
May 25 |..... do oLl ‘ 4.156 | 1,006 Do.
June 10 |...._. do ...l 3.85 985 Do.
July 1 |eeeido coeeeiiein.. \ 3.15 678 Do

1899. I
Apr. 14 | J.E.Field .._...__._. " 1.80 559 Do.
May 8| A.L.Fellows ....._.. © 150 500 Do.
June 10 |..... A0 oo 2900 1,127 Do.
July 28 |..... A0 o 1.80 633 Do.
Oct. 4 |ooooedo-coiiioiiiio. .10 146 Do.

1900.
Mar. 5 A.L.Fellows ..._.... - .40 87 Do.
Apr. 18 |..._. dO ceiiiia.. 1.55 467 Do.
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SOUTH PLATTE RIVER AT DENVER.

Attempts have been made at different times to establish and main-
tain stations at a number of points in the vicinity of Denver, but the
only one that has proved of sufficient value to be kept up is the one
located at the Fifteenth street bridge, about 1 mile below the post-
office. The location is favorable in some respects, as it is just below
the mouth of Cherry Creek, upon which the Castlewood d~m (see PL
1II) is situated, the junction of Cherry Creek and the South Platte
marking the end of district No. 8 and the beginning of disfrict No. 2.
It is, moreover, as favorable a location with reference to channel and
banks as can be found anywhere below the point at whicl the river
strikes the sandy plains, where it becomes broad and shallow, with a
changeable and shifting bottom. Owing, however, to its being located
so near the mouth of Cherry Creek, considerable difficulty is expe-
rienced through a deposition of bars of sand and gravel, sometimes
along the left bank of the river and again along the right bank, so
that occasional changes in gage rods and frequent changss in rating
tables are necessary. Measurements at this point are necessarily
made as often as possible. ' .

The station is principally valuable as giving information concerning
the discharge at the head of irrigation distriet No. 2, so that the
division of water among consumers may be regulated by the water
commissioner with greater facility. Measurements are made from
the bridge, except at low water, when they may be made by wading.®

aFor more detailed information concerning this station see Biennial Reports of State Engineers
of Colorado: Fifth, Part I, p. 26, PartI1, pl. 12; Sixth, p. 19; Eighth, p. 420; Ninth, p. 330; Tenth,
P,256. Annual Reports U. 8, Geological Survey: Eighteenth, Part IV, p. 162; Nineteenth, Part IV,
p. 313: Twentieth, Part IV, p. 279; Twenty-first, Part IV, p. 201. Bulletin U. 8. Geological Survey
No. 140, p. 104. Water-Supply and Irrigation Papers, No. 11, p. 53; No. 15, p. 83; Na. 27, pp. 81, 86, 89;
No. 37, p. 225; No. 39, p. 448; and No. 49, p. 281. Also Report on Agriculture by Irrigation, Eleventh
Census, by F. H. Newell, pp. 101, 109, 114,



[vo. 74.

OF COLORADO.

WATER RESOURCES

30

*TWOIIBIS SIY) IOJ PAITD SATILIOYINE UL UK 9 Lwvur s18HL 98917 I0] ST "PIULBIGO
B)BP Y] [[R WOIJ sI8aL PUR SYIUOW AFVIAAB I0J ST SUTAN[ON [RINIIAA Y] UL WOALS 18], “IwAL YoBd JO SUOTIBAIOSGO @Y} A PAIRA0D porrad ay) J0J ST USALS Fo-uni oyl »

Rl ) Tttt 069269 | 048 ‘R9E | 90063 | 966 ‘T6Z | LE8°]GT| 020 ‘003" "" » Papaosat powed 10 1805-010Y
19°1 e Gag FFe aL¥ 098 298 8FF iy 8.1 €9¢
i L1 €99 ‘6 191 8.1 9t1 86 218 €01 08 |0 TTrTrrroTrenreeeees Rl ELETq |
L0 90" 869 F1 9FG 621 506 161 90F 101 9GF TTTTTtomommomeoees 77T JBqURAON
L0° Q" 469 F1 663 0T 601 91 193 111 869 7777 28qoPQ
L0 Q0" G ‘1 663 €31’ 988 181 02 aFl 9t
er” 11" 120 ‘03 F&F §F1 184 82¢ 189 943 aFL
er” er- 999 '1¢ GIg 0%€ 189 a9 a6g o1 fes
L8 ee” F1€ ‘92 €82 ‘T 218 z8 2¢gl 950 ‘T 008G I
15 L8 06128 8TF ‘1 L81'F et FFFT gl 165 Teemets
61" AN 619 ‘g8 679 FE9°T QoF LL8 0LF 108 B 1° 4
0 ac- TIL'eT €33 8T 60F 13T 611 & |7 A TTTttTemTmmomotes "o
F0° FO° 80T ‘6 FO1 €61 61 €g1 €8 86T |77 TroTmTTomemoens T Lrenaqoq
F0°0 F0'0 | 809°8 0F1 0T ag ot g6 a8t R - Arenuep
a3y IR RIGAEN “Yaag 208 Y038 TN
dpna X
*sayour arenbs :
wrgideq | 1od 309y »*199J-9108 . . . [ - . . .
-puooay ur JuaBAINbY T8I 006T 6681 8681 L68T 965T Q68T oW
‘JO-UNI WedIW W

["sorrux ax8nbs oFg'¢ “BoI® 98BUIBIDP 1997 €8T‘Q ‘OPMITIV]

LU D .@_:@ aywid Ymos fo abunyisiq



FELLOWS.]

SOUTH PLAFTE DIVISION.

31

Muximom and minimum discharge und total run-off of South Platle River at Denver for
that portion of each year covered by records.

i Discharge. Run-off.
Year. Minimum. Maximuam. Second-
Depth in | feet per
. inches, stquare
Date. Amount. Date. Amount. mile.
Sec.-ft. Sec.-ft.
1896, .. Dec. 23 108 | Ang. 2 1,945 1.19 0.14
1896, caeiiis oo Oct. 27 | July 25 758 | .62 .05
1897 oo Feb. 13 16 | Aug. 5 2, 458 1.426 L1056
1898 oo, Dec. 2 50 | May 28 2,308 | 1.B 12
1899, ... . ...l Jan., 22 42 | Aug. 5 1,422 1. 257 . 093
1900, o ooeeeene .. Oct. 7 51 | Apr. 29 5,510 | 2,92 .22
Discharge measurements made on South Platte River at Denver.
Date. Hydfographer. hgizfiﬂi‘:. ('hI;irSg;e.
1895. | Feet. See.feet.
May 7| P.J.Preston ... ... eaaan Leaio - 168
July 23 | F.Cogswell ................ e | 540 1,490
Aug. 7| P Preston ... 4. 60 876
Aug. 22 |____. A0 oo e 3.90 447
Nov. 9| .... 5 15 4. 30 430
Nov. 29 |.___. 6 1 T 3. 90 303
1896.
Jan. 6 | P.J. Preston ...... L e e e e e 3.60 183
Apr. 8 |..... QO o e 4. 50 235
May 29 |..... do ....... e e e e 4. 90 304
July 1 |..... 1 T +.33 107
July 25 |..... % o YN 6.10 1,316
Aug. 5 |..... QO e .35 125
Aug. 26 | R.A.Summner . ... eiiiiiaaaaao. 4. 80 83
Sept. 11 | F.Cogswell .. .. ... e 5.10 163
Oct. 30 P.J. Preston.. ... . ... ... il . 4.70 93
Nov. 9 |..... QO e ) 100
1897. !
Jan, 16 | P.J.Preston . ... i ' 4.70 98
Apr. 15 | F.Cogswell ... ... . .. ....... 5.3b 385
May 1..... G o 5.70 595
May 25 |..... < 1 J NI 5. 85 778
June 4 [..... 6 1o J I 6. 45 1,311
June 15 |..... 6 Lo J AN 6.75 1,406
July 13 |..... QO e 5.60 687
Aug. 5 ..... s o T 7.45 1,849
Aug. 20 |.__.. T 5.55 473
Sept. 6 |-..-- O oo i PP 1.95 116
Oct. 111..... QO .+ ot e J.ro 413
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Discharge meusurements made on South Platte River «t Denver—Continued.

Date. Hydrographer. hﬁ;‘gg}ft_ ch]tjlirs;‘,;e.
1898. N Feet, See.-ft.
Apr. 21 | ALL.Fellows - .. .. ‘ 5. 90 564-
July 6 |-.... Ao o iiiiiiiia.. ! 6.10 443
Sept. 2 |l o dO L I 5.50 195
Oct. 8 |..... O - e o500 90
Oct. 29 | F.Cogswell ... . i 5.32 234

1839. j
Apr. 12 ] A L. Fellows Lo i 6. 00 422
May 11 |..... L8 z 6.03 355
June 12 |..._. 8 | 6.20 764
July 27 ... Ao i 5.32 213
Aug. 4 |..... R 1 6.93 1, 200
Sept. 6 [..... QO e K. 95 288
Oct. 5 |..... A0 e 510 100
1900.
Mar. 6| A . L.Fellows ... .. ..... 5. 50 244
Apr. 12 |..__. & 5.90 377
Apr. 16 |._.... Ao oo . S 7,24 1,439
Apr. 20 |..... dO ol 7.10 1,395
Apr. 23 |..... 5 o 8.32 3,516
June 11 |..... A0 e 8.50 3,270
July 25 1.._.. do i 5. 45 257
Aug. T |..... Ao oo, S, 5. 56 285
Aug. 29 ... QO e 4.90 20
Oct. 20} ReW.Hawley ... . . ... ... ... ...... 5.50 226
Oct. 22| ___. QO o e 5. 30 161

SOUTH PLATTE RIVER AT ORCHARD.

This station was established November 20, 1895, for the purpose of
furnishing data relative to the flow of South Platte River in the winter
montbsand during flood stages, but later was maintained throughout
the entire year for the purpose of determining the total discharge.
It is situated some distance below all the mountain drainage of the
stream and below the territory in which there is the greatest return
from seepage. For three years the rod was located in a bend of the
river ahout one-fourth of a mile southwest of the railroad station at’
Orchard, but later a new rod was placed at the wagon bridge south of
the town, and since that time readings have been taken at the latter
point, for the reason that it was necessary to make the gagings from
the wagon bridge at times of high water. The channel throughout
this entire region is broad and shallow, the bottom being sandy and
shifting, rendering frequent changes in the rating tables necessary.
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The investigations at this point have demonstrated that grest amounts
of water. go to waste, and private capital has been enlisted for the
constiuction of the reservoirs of the South Platte Land, Reservoir
and Irrigation Company in the vicinity of Orchard. The reservoirs
of this company consist of natural basins located in the plains on each
- side of the river, all water being diverted from the river to the reser-
voir sites by means of large canals.¢

a For more detailed information concerning this station see Biennial Reports of State Engineers of
Colorado: Eighth, p. 426; Ninth, p. 333; Tenth, p. 261. Also publications U. 8. Geological Survey:
Eighteenth Annual Report, Part 1V, p. 166; Nineteenth, Part 1V, p. 315; Twentieth, Part 1V, p. 203;
Twenty-first, Part IV, p. 203; Bulletin No, 140, p. 112; Water-Supply and Irrigation Papers No. 11, p.
53; No. 15, p. 89; No. 27, pp. 84, 86, and 89; No. 37, p. 226; No. 39, p. 418, and No. 49, p. 2¢2. Also Report
on Agrieulture by Irrigation, Eleventh Clensus, pp. 122 and 132, .

IRR T4—02——3
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Mazimum and minimum discharge und average run-off of South Platte River at Orchard
Jor that portion of each year covered by records.

Discharge. R m-off.

Year. Minimum. Maxinum. Second-

Depth in | feet per

inches square

Date. Amount. Date. Amount. mile.
Sec.ft. Sec.-ft.

1895, . ... Nov. 22 818 | Dec. 11{ * 1,031 0.095 0.07

1896 ... ......... Dec. 27 2183 | Jan. 9 960 . 226 .06
1897, ... July 8 39 | June 14 5,160 . 851 . 064

1898 ... Apr. 28 10 | May 29 3,214 .90 .07

1899.. . ... June 12 10 | Feb. 27 3, 966 1.56 .11

1900. ... ... Aug. 16 113 | May 2 11,159 2.16 .16

Discharge measurements made on South Platte River at Orchard.

Date. Hydrographer. lgilgg}‘it. C}}éi;!ée.
1895. Feet, See.-ft,
Nov. 20 P.J. Preston - .. ... ... e 4. 00. 829
Dec. 27 |..... 18 T T 3.¢3 667

1896.
Feb. 19 H.A.Sumner . ... ... e 3.¢8 669
Oct. 22 | P.J. Preston - ... .. . 3.20 240
Dee. 12 ... QO oo e 4. 55 550
1897.
Jan. 18 | P.J. Preston ... ... 4. 14 377
May 28 | L.R.HOpe -......oeoieeou .. s 5.00 1,921
June 20 | R. & Sumner-. ... 4. €8 1,926
June 27 ... 1S 3.20 504
July 25 |..... Ao e 3.60 524
Sept. 13 [..... dO L. 2.F0 86
Nov. 9 |..... & 1 Y 1. 40 1,299
1898.
Apr. 24 | AL L. Fellows . ... .. ... 2.20 71
May 30 |..... QO - 4. €0 3,214
July 9 ..., dO o 2.25 32
Aug. 9 |..... QO e e 2.25 36
Nov. 6| F.Cogswell .. .. .. .. .. 2,80 302
Nov. 17 |..... & 1 T 3.15 491
1899.
Apr. 14 | AL Fellows - ..ot e e 3.20 1, 258
May 27 |..... dO e e 2.8 158
Sept. 12 |..... 1 R 2.05 57
Nov. 3| M.D.Williams......_ ...t 2. 60 614
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Discharge measurements made on South Plutte River, at Orchard—Continued.

Date. Hydrographer, hg?gg}ft. ch%fé ..
1900. Feef. See.+ft.
Mar. 7| A L. Fellows ... ... .. . ..... 2.85 668
Apr. 21 |..... & (o 5. 60 4,674
July 23 |..... 6 1.35 156
Oct. 27 | R.W.Hawley ... . ... 2.70, 324

SOUTH PLATTE RIVER AT JULESBURG.

Although no station has been regularly maintained at this point, a
number of measurements, which are given in the table below, have
been made here at different times. The location is iriportant from
the fact that it is near the line between Colorado and Nebraska, so
that discharge measurements at this point indicate the flow from the
one State into the other. The channel is broad and shallow, the bottom
being sandy and shifting. A gage rod was fastened to the wagon
bridge 1 mile southeast of Julesburg in the spring of 1900, but no
records were kept. Measurements may be made either from the
wagon bridge or at low water by wading. The majority of the gagings
at this point Were made by employees of the State engineer’s office
in connection with the annual seepage measurements of the South
Platte River.®

Discharge measurements made on Svuth Platte River, at Julesburg.

[Altitude 3,560 feet.]

Date. 13?5&. ch];g{-e.

Fect. Sec.-ft.
November 5, 1891 . . e reeeeeeeeeaaeana|anenaan 43
November 4, 18 . e eea|aaaas 2
November 14, 1805 L . i icicceee]eeeaaaan 586
September 4, 1899, ... 2
November 12,1899 .. _.._.. PP I 487
March 8, 1900. . .o e eeeaaan 2.10 2,291
November 2, 1900 . . .. .. 76

BEAR CREEK AT MORRIRON.

Bear Creek is the first important tributary received by South Platte
River after it leaves the mountains. Information concerning the dis-
charge of this stream is important, as it supplies a large proportion of
the water furnished to Denver by the Denver Union Water Company,

aSee also Tenth Biennial Report of the State of Colorado, p. 2656. Also Report on Agriculture by
Irrigation, Eleventh Census, by F. H. Newell, p. 131
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_storage reservoirs having been provided for this purpose in Marston
and Harriman lakes. Nearly the entire flow of this stream is used for
the water supply of Denver and for irrigation, there being a scarcity
of water along the stream except for the earliest priorities during a
large portion of almost every irrigation season. Like all mountain
streams, it is subject to sudden and violent rises from sharp and severe
storms at its headwaters.®

The station was located for some years about the center of the town
of Morrison, but in the spring of 1899 it was moved to a point just
above Morrison, at the headgate of the Denver Union Water Com-
pany’s pipe line. The conditions have generally been rather unfavor-
able to correctness of measurements, as the channel is somewhat
changeable, being made up of loose howlders, and at the dam where
the water is diverted into the pipe line gravel bars have formed, chang-
ing the natural conditions. Measurements have been made by wading,
excepting at the highest stages of the water, when they I~ve been
made from the wagon bridge just ahove the town of Morriscn.?

aFor full description see Hayden's Report 0{1.’575, . 432

b For further details concerning this station see Biennial Reports of State Engineers of Colorado:
Fourth, Part I, p. 64, and Part 1I, Pl. XX Fifth, Part I, p. 30, and Part 11, Pl, XIV; Sixth, pp. 20
and 31; Eighth, p. 464; Ninth, p. 336; Tenth, pp. 223 and 266. Publications U. S. Geol gical Survey:
Eighteenth Annual Report, Part IV, p. 167; Nineteenth, Part IV, p, 317; Twentieth, Part IV, p. 284;
Twenty-first, Part IV, p. 204; Bulletin No, 140, p. 106; Water-Supply and Irrigation Papers, No. 11, p.
54, No. 15, p. 90; No. 27, pp. 81 and 86; No. 37, p. 227; No. 39, p. 448, and No. 49, p. 284, Also Reporton
Agriculture by Irrigation, Eleventh Census, by F. H, Newell, p, 114, .
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Maximum and minimum discharge and average run-off of Bear Creek at Mor~ison for that

portion of each year covered by records.

Discharge. ’ Run-off.

Year. I;Iinimum. Maximum. [ Second-

R (R Depth in | feet per

inches. square

Date, Amount. Date, Amonnt. mile.
See.-ft. Sec.-ft. {
1888.. .. ... s | Sept. - 30 | June — 100 0.41 0.37
1889 ... ... May 3 18 . May 20 195 48 .43
1890, . ..ol Nov. 15 15 | July 23 75 .20 .18
1891 ool Hept. 22 12 | May 27 622 .73 .66
1895. . . iiiioea May 20 41 | June 13 274 .70 .63
1896. e July 14 9| Apr. 2 86 .29 .26
1897 i iiaaaa Nov. 24 5] Aug. 3 385 .67 .60
1898. . o oieeaaas ' Nov. 23 20 | July 13 2,083 .54 .48
1899. ... eeeann ' Oct. 21 17 | Aug. 4 325 .49 T
1900 ..cooiiee. | Nov. 23 10 | Apr. 29 61| 1.15| - 1.03
. |
Discharge measurements made on Bear Creek at Morrison.
Date. Hydrographer. h(gigglft. ch%ize.
— _ [ :

1895. Fect. Sec.-ft.
May 18 | P.J.Preston . ... oo oo iiiiais e s 0.90 47
June 12 |._._. A0 oo SO 2.06 331
July 24 ... L4 1 Y 1.65 171
Oct. 7 |..... 8 1S U 1.06 64

1896.

June 17 | P.J. Preston . ..o iiiiiiiaaaa .75 32
Aug. 4 |..... QO e e 2.90 55
Sept. 19 | R.S.Summner. ... .. .. iieeiiacieaos 3.05 80
Oct. 31| P.J. Preston ... .. .. oo 2.55 16
1897.
May 20 | R. L. Hope. ..o e 3.60 179
June 13 | R.S.Summer_ ... ... iiiiiiii. el 3.70 209
June 26 |..._. do ...... T e e e et 3.50 162
July 24 ... QO o e 3.45 131
Sept. 11 | F.Cogswell ... ... 3.05 55
Oct. 12 {..... < Y 3.00 52
1899.
Apr. 16 | J.E. Field oo iiiciiiiaan 3.80 64
May 9 | AL FelOWS oo oo | 125 99
June 6 |..... & 15 N | 4. 25 107
Aug. 51..... 6 1o U 4,98 192
Nov. 14 |..... QO oo i e 1.35 13
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Discharge measurements made on Bear Creek at Morrison—Continued.

Date. Hydrographer, hg'?{ﬁft‘ ch]a)airsg .
1900. Feet. Sec.-ft.
Mar. 9| A L Fellows ..t e e e e 1.40 17
Apr. 14 |..... 6 1o J 2.85 47
Apr. 25 |.._.. QO e 5. 80 367
Aug. Ti..... dO i s 3.20 63
Sept. "6 |..... 6 1o RO DU 24

CLEAR CREEK AT FORKSCREEK.

Clear Creek is one of the largest tributaries of South P atte River,
issuing from the mountains, and emptying into the mwain stream
about 6 miles helow Denver. Like the other streams of this region,
it flows for a long distance through a mountainous territory (see
PL IV, 1) and then discharges into the plains, where its water is used
for irrigation. The establishment of a station at Forkscreek, which
is about 12 miles up the canyon, was for the purpose of determining
not only the amount of its water that may be available for irrigation
and storage, but the amount that may be used for the development of
power. The water of Clear Creek is used to such an extent for placer
mining and for the development of power for use in stamp mills that
the name ‘‘Clear Creek™ has long since hecome a misnomer, the
stream being anything but clear. After the stream empties into the
plains the greater part of the water is used for irrigation, there being
comparatively little surplus even during the flood stages.®

Measurements were also made in the years 1887 and 1888 at a point,
below the mouth of the canyon, and estimates were made for the year
1898 by the water commissioner of the Clear Creek water district.
The discharges of these years are too unreliable to be incorporated into
the table, but they are given by themselves.

Results obtained at this station are not entirely satisfactcry, as the
channel consists of bowlders and the fall is great, the banks being
high and rocky. There is, moreover, no suitable method of crossing
the river, the bridges being unsatisfactory, so that most of the meas-
urements have been taken at low-water stages.?

aFor full deseription of this drainage basin see Hayden’s Report, of 1875, p. 432; also heport on Agri-
culture by Irrigation, Eleventh Census, by F., H. Newell, p. 114.

bFor further details concerning this station see Biennial Reports of State Engineer of Colorado:
Fourth, Part I, p. 63, and Part II, Pl. XVIII; Fifth, Part I, p. 18; Sixth, p. 20; Ninth, p. 310; Tenth,
pp. 222 and 270. Publications U. 8. Geological Survey: Twenty-first Annual Report, Fart IV, p. 205;
Water-Supply and Irrigation Papers, No. 87, p. 228; No. 39, p. 448 and No. 49, p. 2¢2. Report Qn
Agriculture by Irrigation, Eleventh Census, p. 114,
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Discharge of Clear Creek at Golden.

[In cubic feet per second.]
Average for month.
Year.
May. I June. July. Aug. i Sept. Oct. Nov,
| |

1897 ... 621 793 516 304 181 130 |.... ...
1898, .. ool 285 650 420 120 7 70 57

NoTE.—This table was furnished by W. N. Palmer, water commissioner forthe Clear Creek district
for 1897 and 1898. The winter discharge is given as about 50 second-feet.

Estimated monthly discharge of Cleur Creek at Forkscreek.

[Altitude, 6,892 feet; drainage area, 345 square miles.]

Discharge in second-feet. Run-oft.
Month. . . Totai_eigt‘acre- Second- .
Mot | M| ean et | Dopeh fn
mile.
1899.
April. ool 403 5 180 10, 711 0.52 0.58
May1to19............. 1,202 192 581 35,724 1.68 1.94
June 7to 30 ............ 1,373 775 1 1,081 64, 324 3.13 3.49
July ccooi L 1,202 614 791 48, 637 2.30 2. 66
August ... 692 299 440 27, 005 1.28 1.48
Se~*ember._._.......... 349 155 214 12,734 0.62 .69
Oce® oo 155 133 141 8,670 0.41 .47
November._.........._. 155 32 77 4, 582 0.22 .24
Total ..o eea 212,387 |........ 11.55
1900.
March 10 to 31.......... 75 44 60 2,619 0.17 20
Aprilo ..o ... ... 403 58 178 10, 592 0.52 .58
May oo 1,259 367 789 48,514 2.29 2. 64
June ... ......___... 1, 259 714 963 57, 601 2. 80 3.12
July ... ... 719 235 378 23, 242 1.10 1.27
August ...l L.l 235 84 137 8, 124 0. 40 .46
September............_. 75 44 58 3,451 0.17 .19
October _. ... ... .._... 75 51 58 8, 566 0.17 .20
November.......... ... 58 51 52 3,004 0.15 .17
Total .. .. e e e 161,103 |........ 8.83
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Discharge measurements made on Clear Creek at Forkscreek.

Date. Hydrographer. h%igl?t. chls)zisg‘e.
|

1899. “ Feet. Sec.+ft.
Mar. 24 | J. E. Field .....__......._. e ‘ 1.50 52
Apr. 20 |.___. & G 2.10 155
May 101 A. L. Fellows. .. ... ... . .. . . 2.75 365
June 7 |.._.. 8 L 3.70 779
Aug. 12 ... QO oo 3.08| 449
Nov. 16 [..... QO e 1.70 67

1900.
Mar. 10 |.__.. & 1 S 1.60 55
Apr. 13 |..... do i 1.70 73
Apr. 24 |..._. & 2. 60 290
Aug. 27 |..... QO - e eeeanl 1.78 130

S8T. VRAIN CREEK NEAR LYONS.

St. Vrain Creek and its tributaries receive their supply of water
from the eastern slope of that portion of the Front Range lying
between Liongs Peak and James Peak, a distance of about 30 miles.
The general trend of the drainage is northeastward, the St. Vrain flow-
ing at last into South Platte River about 6 miles helow the town of
Platteville. The principal tributaries of the St. Vrain are the North
and South Forks and the Boulder, the South Boulder being an impor-
tant branch of the latter. The areas drained by the upper portions
of these streams are all alike mountainous, the streams flowing through
deep and rugged canyons, where the water can be used only for the
development of power and for placer mining: hut upor leaving the
foothills each one of them emerges into a broad and nearly level val-
ley where farming by irrigation is extensively practiced.”

Three stations have been maintained upon the St. Vrain and its trib-
utaries, one located at a point abouat one-half of a mile east of Lyons,
upon the St. Vrain, one at a point at the mouth of the cenyon of the
Boulder, a mile above the town of Boulder, and one at a point in the
mouth of the South Boulder Canyon about 3 miles west of Marshall.

tecords have been kept of the gage heights at the Liyons station
since April, 1838, except during the years 1893 and 1894, when very
little hydrographic work was done in Colorado. A number of changes
in the location and position of the gage rod have been necessary, but
these have not affected the value of the tables, the station Feing always
practically the same. As maintained at the present tim-= the station
is opposite the Tower Hotel. Most of the measurements are made by

a For full description ot this basin see Hayden's Report of 1875, p. 436. Also Repert on Agriculture
by Irrigation, Eleventh Census, p. 103.
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wading, but at high water they are made from a bridge located about
one-quarter of a mile below the station. The channel is favorable to
good results, lying in small bowlders and cobblestones, and the banks
are so high that overflow is improbable. The table of discharge
includes the amount carried by the Supply ditch, which is taken out
above the station but of which records were also kept.®

« For more detailed data concerning this station see Biennial Reporis of State Engineers of Colo-
rado: Fourth, Part I, p. 63, and Part IT, Pl. XIX; Fifth, Part I, pp. 18 and 28, Part II, Pl. XIII:
Sixth, pp. 20 and 28; Eighth, p. 436; Ninth, p. 348; Tenth, pp. 213 and 280. See also publications U. 8.
Geological Survey: Eighteenth Annual Report, Part IV, p. 172: Nineteenth, PartIV, p. 320; Twentieth,
Part 1V, p. 285; Twenty first, Part IV, p. 208; Bulletin No. 140, p. 109; Water-Supply and Irrigation
Papers, No. 11, p. 55; No. 15, p. 93; No. 27, pp. 83, 86, and 89; No. 37, p. 232; No. 39, p. 448: and No. 49,
p. 288. Also, Report on Agriculture by Irrigation, Eleventh Censns, by F. H. Newell, p. 103.
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Mazimum and minimum discharge and average run-off of St. Vrain Creek at Lyons for that

portion of each year covered by records.

Discharge. Run-off.

Year, Minimum. Maximum. Second-

Dep*h in | feet per

inches, square

Date. Amount. Date. - Amount. mile.
Sec.ft. Sec.-ft.
1888, ... June — @320 | Oct. — a50 0.75 0.68
1889 ... ... May 28 548 | Oct. 13 26 1.08 97
1890 .. .........2.. June 2 6875 | Nov. 15 18 1.08 .97
1891 ..., May 27| 1,897  Apr. 5 31 * 2,32 2.08
1892, ... ... June 24 | 1,480 | Oct. 28 53 1.86 1.67
1895 . ..ol... June 16 | 1,127 | Sept. 14 80 1.92 1.72
1896 . .. .o..... May 30 666 | Oct. 26 21 .90 .81
1897 . e June 11 | 1,052 | Nov. 16 31 2.06 1.85
1898, . ........ .....| June 17 637 | Nov. 26 21 Lot .82
1899 ... June 20 1,275 | Nov. 11 16 1.72 1.54
1900 ... oo Apr. 29 918 | Mar. 17 10 1.52 1.36
aMay 20 to 31 inclusive.
Discharge measurements made on St. Vrain Creek at Lyons.

Date. Hydrographer. ' ll(ggglft. CIPailfée.

1895. Feet. See.-feet.
May 11| P.J. Preston.. .. .. .o i ieaiae e 1.65 260
July 20 [..... [ 3.40 336
Oct. 2 |..... 16 0 Y 2,10 65

1896.
June 6| P.J. Preston. ... ... .-l 3.57 389
July 29 |..... 5 2.70 189
Sept. 22 | R.S.Sumner_ .. ... ... e 2.50 110
Oct. 14 | P.J. Preston - oo 2.22 53
1897.

May 25 | L. R.Hope -« oo e et +.15 659
June 17 | R. 8. Sumner ... ... 4.40 713
June 28 |..... 15 U J P 3.70 551
July 20 [..... & 3.10 379
Sept. 16 | F. Cogswell .. i 2.10 115
Nov. 10 |..... QO e e e 1.75 54

1898. ’
May 27 | A. L. Fellows. ..o eieaes 2. 80 256
July 12 |..... QO oot e 3.10 308
Aug. 5 |..... 6 o P 2.20 73
Oct. 121..... € 1 YRR 1.85 20
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Discharge measurements made on St Train Creek at Lyons—Continued.

Date. Hydrographer. }(g?gg}ft. ch];irig- e,

1899. Feet. See.-feet,
Apr. 18 | J. E. Field ... . .o ... [ 3.00 217
May 5 |.A. L. Fellows... ... ............ R \ 2.75 137
June 14 |..... 1§ T Z i 4.15 825
Aug. 9 1{..... A0 e, 3.20 263
Oct. 7 |..... QO e 2.10 37

1900.
Mar. 13 | A. L. FelloWS. o o o oo oo et 2,06 35
Apr. 27 |...do oo ... - 3.88 513
July 27 |..... 15 1 | 2.70 193

BOULDER CREEK NEAR BOULDER.

The general nature of Boulder Creek, which is one of the tributa-
ries of the St.Vrain, has already been noted in the description of the
main stream.®

The gaging station is located 1} miles above the town of Boulder,
in the mouth of the canyon. There are two small irrigation ditches
above the station, but the amount of water diverted does not exceed 5
or 6 second-feet, and may thevefore be disregarded. The channel of
the stream conxists of large bowlders throughout its éntire course, and
it is therefore diflicult to make accurate measurements. Gagings are
usually made by wading, but may be made from a wagon bridge just
above the gage rod at high water. The normal flow is entirely used
for irrigation, hut during the flood season a large proportion goes to
waste. Fillings have, however, been made upon a number of reservoir
sites in this drainage basin, by means of which most of the sarplus
water might be stored.?

aFor a description of this drainage basin, see Hayden’s Report of 1875, p. 435. Also Report on
Agriculture by Irrigation, Eleventh Census, hy F. H. Newell, p. 103,

bBiennial Reports of State Engineers of Colorado: Fourth, Part I, p. 64, and Part II, P1. XXTI; Fifth,
Part 1, pp. 18 and 32, and Part 11, Pl. XV; Sixth, pp. 21 and 33; Eighth, p. 442; Ninth, p. 345; Tenth,
pp. 224 and 277. Also publications U. 8. Geological Survey: Annual Reports, Eigl *eenth, Part IV, p.
171; Nineteenth, Part 1V, p. 319; Twentieth, Part IV, p. 286; Twenty-first, Part IV, pp. 207-208: Bul-
letin No. 140, p. 108; Water-Supply and Irrigation Papers, No. 11, p. 55; No. 15, . 92; No. 27, pp. 82,
86, and 89; No. 37, p. 248; No. 49, p. 287. Also Report on Agriculture by Irrigation, Eleventh Census,
by F. H. Newell, p. 103.
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Mazxi and minimum discharge and average run-off of Boulder Creck at Boulder for
that portion of each year covered by records.
Discharge. Rumn-off.a

Year. Minimum. Maximum. Second-

Depthin | feet per

inches. square

Date. Amount. Date. Amount. mile.
Sec.-feet See.-feet.
1888 . ...l April — 25 | June — 350 0.90 0.81
1889, (... .... Sept. 20 16 | May 31 785 1.75 1.57
1890. ... Nov. 7 23 | Aug. 4 1,200 1.03 0.93
1891, ...l Sept. 16 51 | June 8 540 1. 46 1.31
1892, ... ...l Oct. 19 27 | June 23 646 1.45 1.30
189h . oL Qct. 29 5 June 3 750 1.56 1.40
1896. ..o Apr. 3 7 | May 30 309 0. 82 0.74
1897 . .. Nov. 16 23 | June 10 745 1.34 1.20
1898 .L.l... Nov. 30 3 | June 18 560 1.36 1.22
1899 . ... .. Nov. 29 13 | July 2 847 1. 66 1.49
1900. ... ... Qct. 31 7 1 June 1 801 1.77 1.59
aThe run-off given is the amount for that part of each year covered hy the records and for an
average month of thirty days, at the rate given as the mean for the period covered.
Discharge measurements made on Boulder Creek near Boulder.

Date. Hydrographer. h%?gﬁt. clg,il?g—e.
1895. Feet. See.ft.
July 17 | P.J. Preston ... .. o .. iiiiiiiiiii.n 1.90 317
Qct. 13 |..... A0 e .50 36

1896.
July 2| P.J. Preston ... . il 1.30 139
July 30 |..... A0 i 1.10 110
Sept. 23 | R.S.Summner. ... .. il .80 69
Qct. 16 | P.J. Preston . ... ... i .50 35
1897.
May 21 | L.R.Hope. ... a 2.15 142
July 26 | R.S.Sumner. . ... .o i 1.75 298
Aug. 12 | F.Cogswell ... . eiiiiiiciaan 1.55 224
Oct. 13 ___.. & s S ) 48
1898.
Apr. 17 | A L. Fellows. ... i ieaas .78 69
May 28 |..... G L 1.85 367
July 16 | J.E. Field ... . e 1.50 266
Aug. 3| A L. Fellows ... oo i .86 62
Oct. 11 |..... [ L TR .28 12
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Discharge measurements made on Boulder Creek near Boulder—Contirued.

Date. . Hydrographer. h(éfgglft. chlg,ix?,g"e.
1899. ‘ Feet. See.-ft.
Apr. 21 | J.E. Field .. .cvoma e . 1.00 84
May 6 A.L.Fellows ... .. .o couion. feeemaenaan 1.20 134
June 15 j..... L 1 Y 2.50 642
Aug. 10 |..... s Lo J U, 1.70 276
Ote. 20 |..... & L S .50 36

1900.
Apr. 28 | AL L. Fellows ... oo i 2.19 483
July 27 |..... O - - 1.40 220
Aug. 28 |..... 1 0 S .62 49
R : SOUTH BOULDER CREEK AT MARSHALL.

South Boulder Creek is a tributary of the Boulder, and its drainage
basin lies north of and adjoins that of Clear Creek.® The station has
been maintained for each irrigation season since April, 1888, except
during 1893 and 1894. The rod consists of an inclined timber on the
north bank of the stream, near the house of C. E. Barb»r. Two
ditches take their water supply from the stream at points above the
station, these being the South Boulder and Coal Creek ditel' and the
Community ditch, and their discharges are added to the discharge as
found at the station, so as to give the total run-off of the basin. The
channel of the stream is rocky and full of bowlders, but does not
change materially. Gagings are usually made by wading, but at high
water they may be made from the foot bridge just above the rod.?

aFor description see Hayden’s Report of 1875, p. 436. Also Report on Agriculture by Irrigation,
Eleventh Census, by F. H. Newell, p. 103.

& For more detailed data concerning this station see Biennial Reports of the State Engineers of
Colorado: Fourth, Part I, p. 64, and Part II, Pl. XXIII; Fifth, Part I, p. 36. and Part II, Pl
XVII; Sixth, pp. 21 and 36; Eighth, p. 448; Ninth, p. 841; Tenth, pp. 225 and 273. Alsc publications
of U. 8. Geological Survey, Eighteenth Annual Report, Part IV, p. 169; Nineteenth, Part IV, p. 318;
Twentieth, Part IV, p. 287; Twenty-first, Part IV, p. 206; Bulletin No. 140, p. 107; Water-Supply and
Irrigation Papers, No. 11, p. 54; No. 15, p. 91; No. 27, pp. 82, 86, and 89; No. 37, p. 229, and No. 49, p.
286, Also Report on Agriculture by Irrigation, Eleventh Census, by F. H. Newell. p. 103.
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Mazimum and minimum discharge and average run-off of South Boulder OCreek at
Marshall for that portion of each year covered by records.

Discharge. Run-off.

Year, Minfmum. Maximum, Second-

— Depth ir | feet per

inches. square

Date. Amount. Date. Amount. mile.
Sec.-ft. Sec.-ft.
1888. i Sept. — 30 | June — 225 1.02 0.92
1889. ... Oct. 12 15 | May 31 560 1. 58 1.39
1890, . ... Sept. 20 19 | May 28 542 141 1.26
1891 ... Sept. 19 15 | May 17 565 1.27 1.14
1892, ... Oct. 13 15 | June 24 561 1.41 1.26
1895, ool Oct. 1 14 | June 3 1,090 1.9¢ 1.76
1896. cccceenaan.. Oct. 6 18 | May 30 603 . 8¢ .79
1897 e Nov. 7 18 | June 11 595 1. 68 1.46 |
1898, .. Nov. 18 9 | June 17 444 .98 .88
1899, ..o Sept. 21 9 | June 21 663 2.1¢ 1.96
1900 .. ... Sept. 16 5| June 2 582 1.0¢ .94
Discharge measuremenis made on Sowth Boulder Creek at Marshall.

Date. Hydrographer. h(g?ggtft. chléis'g-'e.
1895. Peet. Sec.ft.
May 14 | P.J. Preston .. ..o iiiiiiiaaaan 2.0C 164
July 18 |..... 1 1o Y 2.0C 195
Oct. 10 |..... & 1o 1.05 42

1896.
July 3| P.J.Preston ..o oo 1.50 88
Aug. 8 ..... G R 0.9€ 27
Sept. 24 | R.S.Summner. .. .o oo iaiiiiiiaaaaan 1.0C 31
Oct. 17 | R.J. Preston . o coo oo i i iiiaaaans 0.90 24
1897.
May 22 | LiR.HOPe. oot eeaa e aaaaeas 2.45 348
June 19 | R.S.Sumner. ... i 2. 60 363
June 25 |..... LS Y 2.50 370
July 27 |..... L6 1o Y 1.65 122
Aug, 13 | F.Cogswell ... .. .. 1.55 116 .
Oct. 14 |..... L« Lo 0.82 14
1898.
Apr. 23 | AL L. Fellows - .o i 1.35 72
May 29 |..... L« L 2.29 274
July 11 |..... L L U 1.70 130
Aug. 6 |..... & L 1.15 47
Oct. 10 |..... s [ N ecareasarcreeeaconcmaean 0.58 2
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Discharge measurements made on South Boulder Creek at Marshall. —Continued.

Date. Hydrographer. - h(é?gglft. eh%irsg_e.
|
1899. " Feet. See.-ft.
Apr. 22 | J.E. Field . ... . e ‘ 1.70 115
May 6| A L. Fellows ..o . oo 1.55 96
June 15 [..... e U T 2.80 451
Aug. 10 |..... ¢ 1 1.60 109
Oct. 10 |..... 6 [ | 0.70 7
1900.
July 28 | A.L.Fellows - ... .0 1.40 35
Aug. 28 |..... AO e S0 10
|

BIG THOMPSON CREEK AT ARKINS.

This stream drains considerable territory north of Longs Peak, and
is one of the largest tributaries of the South Platte, into which it flows
about 4 miles above the town of Evans. The Little T ompson is an
important tributary of the Big Thompson, and the country drained by
these two streams forms irrigation district No. 4 (see” Pl. IV, B).
The two streams come together a short distance above where their
combined waters enter the South Platte.*

Records were begun upon this stream in April, 1888, and have been
maintained for a portion of each year since that time, except in the
years 1893 and 1894. The location of the station has been changed
several times, having been below both the Handy and tI-> Home Sup-
ply ditches a portion of the time and above the Home Supply and
below the Handy at other times. At present it is located at the upper
point, so that only the waters carried by the Handy ditch need to be
added to give the total run-off of the basin. The amounts given in
the tables are for the combined flow. Irrigation is practiced on a
small scale about 20 miles above the station also, but to such a limited
extent that it may be disregarded.?

aFor description see Hayden's Report for 1875, p. 437; also Report on Agriculiure by Irrigation,
Eleventh Census, by F. H. Newell, pp. 116-119.

b For more detailed information concerning this station see Biennial Reports of the State Engineers
of Colorado: Second, p. 6; Fourth, Part I, p. 64, and Part I1, Pl. XXII; Fifth, Fart I, pp. 18 and 34,
and Part IT, Pl. IX; Sixth, pp. 21 and 84; Eighth, p. 430; Ninth, pp. 310 and 333 Tenth, pp. 215. 216
and 234, Also publications U. 8. Geological Survey: Eighteenth Annual Report, Part IV, p. 174;
Nineteenth, Part IV, p. 321; Twentieth, Part 1V, p. 288; Twenty-first, Part IV, p. 209; Bulletin No.
140, p. 110; Water-Supply and Irrigation Papers, No. 11, p. 56, No. 15, p. 94; No. 27, pp. 83, 86, and 89;
No. 37, p. 233; No. 39, p. 448; and No. 49, p. 290. Also Report on Agriculture by Irrigation, Eleventh
Census, by F. H. Newell, pp. 116-119.
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Mazimum and minimum discharge and average run-off of Big Thompson Creek at Arkins

Jor that portion of each year covered by records.

Discharge. Run-off. e

Year. Minimum. Maximum, Second-

. Depth in | feet per

. ! inches. square

‘\ Date. Amount. Date. Amount. ‘ mile.
Sec.-ft. Sec.-ft.
1888 . oo Apr 30 | June 16 862 0. 64 0.58
1889 ... ... Qct. 2 28 | May 31 546 .69 .62
1890, oL "QOct. 7 51 | July .21 1,603 ' 1.10 .99
1891. ... .lo. ! Sept. 17 69 | June 25 1,182 1.33 1.19
1892, . o oii..s Sept. 29 39 | June 21 1,195 1.25 1.12
1895, ... Oct. 2 58 | June 2 1,102 1.74 1.56
1896. . ...l 1 Oct. 26 76 | May 30 1, 200 .81 .73
1897 ... j Nov. 18 54 | June 11 1,040 104 .94
1898, ... Oct. 24 14 | June 2 722 .65 .59
1899. . ... Apr. 9 25 | June 21 1,852 1. 46 1.31
1900 . ... ... ... Apr. 2 30 | May 30 2,223 2.42 2.17
aThe run-off given is the amount for that part of each year covered by the records and for an
average month of thirty daysat the rate given as the mean for the period covered.
Discharge measurements made on Biy Thompson Creek at Arkins.

Date. Hydrographer. hgfgglft. chlzix;e.
1895. Feet. Sec.ft.
May 9| P.J. Preston ... o 1.25 260
July 19 |..... QO et 1.90 499
(@7 A T PR« Vo TN .45 42

1896.
June 1| P.J. Preston ....cniunomii e mam—aaaa 1.70 403
July 28 j..... QO e eeiciaaaana- 1.50 286
Oct. 15 |..... QO oo e em—————————- .80 74
1897.
May 26 | L. R. Hope ..o e iiaaanns | 2.45 804
June 18 | R. 8. Summner _.. .. iiiiiiiiaiae. 1. 60 400
June 27 |..... & L RN 1.50 409
July 21 |..... do e 1.20 214
Sept. 16 | F. Cogswell. ... ... il .60 61
Nov. 11 |..... ¢ 1o T .65 79
1898.
May 26 | A. L. Fellows .- ..o i iaiaaann 1.25 263
July 13 |..... 16 1 1.60 444
Aug. 4 |..... QO o i el .70 87
Oct. 4 |._.... [ L S RN .40 30
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Discharge measurements made on Big Thompson Creek at Arkins—Continued.

Date. Hydrographer. h(g?g‘ft. ch];;s‘ée_
1899. . Feet. Sec.ft.
Apr. 17 | J. B Field. ..o < 0.9 143
May 4| A L. Fellows ... .o . oo .97 173
June 13 |..... QO e 2. 55 941
Aug. 8 .. DO e 1.73 106
Oct. 6 ..... 6 1o T, ' .50 34

1900.
Apr. 26 | A. L. Fellows ..o ceoeie e eeiee i 1.91 512
July 26 |..... 6 1 I S, 1.35 322

CACHE LA POUDRE RIVER AT FORT COLLINS.

This stream is the largest and the northernmost of the trvibutaries
discharging from the east front of the Rocky Mountains into the
South Platte. During the irrigation season its discharge is angmented
by the supply diverted from the headwaters of the Lararie River,
which heads immediately west of the headwaters of the Cache la
Poudre, the diversion being made through a canal known as the Sky-
line canal, already mentioned (p. 21). Measurements of the dis-
charge of the Cache la Poudre Basin therefore include some of the
Laramie waters. As is the case with other streams of this region, the
normal flow is almost entirely consumed for irrigation, and even the
greater part of the flood waters is stored for late use. The earliest
and most thorough irrigation of the State is carried on along this
stream.® The station was established in 1884 at a point about 15 miles
above Fort Collins, and has been maintained ever since that time under
the direction of Prof. L. G. Carpenter, of the Colorado State Agri-
cultural College.? ’

The following tables are compiled from records published from time
to time by Professor Carpenter, the first table showing the normal
discharge as calctilated by him for the irrigating season, and the sec-
ond giving a summary of discharge for the entire time. The results
are to a certain extent misleading, as additions have been m~de to the
normal discharge of the stream from year to year through the Sky-
line canal, taking its water from the headwaters of the Laramie

a Water-Supply and Irrigation Paper No. 9 and Department of Agriculture Bulletin No. 92,

bFor more detailed information concerning this station, see Biennial Reports of the State Engi-
neers of Colorado: Second, p. 6 and Appendix B; Third, pp. 5 and 62; Fourth, Part I, p. 61, and Part
11, PL IX; Fifth, Part I, pp. 17 and 22; Sixth, pp. 19 and 22; Seventh, p. 172; Ninth, p. 856; Tenth,
p. 288. Also, publications U. 8. Geological Survey: Thirteenth Annual Report, Part ITI, p. 94; Twen-
tieth, Part IV, p. 290; Bulletin No. 131, p. 30; No. 140, p. 112; Water-Supply and Irrigation Papers,
No. 9, p. 16; No. 37, p. 235, and No. 49, p. 291. Also, Report on Agriculture by Irrigation, Eleventh
Census, by F. H. Newell, p. 116.
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River, and this increase is not considered in the tables. In com-
puting the average monthly discharge only those months are included
for which the record is complete, or at least estimated:

JAN. | FEB. | MAR. | APR.] MAY | JUNE | JULY | AUG. | SEPT.| oCT, | NOY. | DEC.
1020 | 1020] 1020 [ 1020 ]| 1020 | 1020 ] 1020 | 1020 | 1020 | 1022 | 1020 | 1020

Sec.-ft.
3,500

3,000

2,500

1, 500

1,000

_4/=_,=_»L?aq Ve - WasroxmATE

Fig. 1.—Normal discharge of Cache la Poudre River.
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Normal discharge of Cache U Poudre River at Fort Collins for the years 1¢ %4 to 1900,

inclusive.
Day. Apr. May. June. July. Aug. Sept. Oct.
Sec.+ft Sec.-ft. Sec.-ft. Sec.+ft. See.~ft. Sec.-ft. Sec.-ft.
) A PRI 589 | 2,062 1,426 490 245 147
P PP 597 2,120 1,399 485 238 137
U IO 611 | 2,250 | 1,328 479 9228 133
L Y B, 634 | 2,207 1,290 469 a 225 137
N SO 686 | 2,108 | 1,213 438 | @222 133
[ Y PRI 729 | 2,149 1,152 @ 426 @219 131
A 784 2,136 1,154 414 316 132
- S PR 842 | 2,165 | 1,118 383 a213 133
1S R I 916 | 2,268 | 1,069 395 @510 130
) B 974 | 2,385 | 1,029 398 @207 139
5 R P 999 | 2,319 954 374 204 129
2 PR 1,024 | 2,271 965 358 189 129
1 S AU 1,012 | 2,997 951 339 182 132
i I PR 1, 046 2,188 871 338 170 130
1 SN S, 1,109 2,171 856 324 166 127
16, e 1,232 | 2,123 814 338 188 1... ...
L Y P 1,240 | 2,038 794 325 161 ... ...
18 . 1,259 | 1,959 774 387 1654 |.o.....
Bk DN P 1,311 2, 005 737 333 151 ...
200 .|l 1,446 1,913 694 317 146 | .......
b2 A P 1,625 1,966 704 306 144 | .......
220 L 1,547 1,881 650 299 140 ........
b2, S U S 1,534 | 1,810 611 201 189 o.......
24 ... 367 1,625 1,783 @ 597 284 ) £ 200 P
25 . 406 1,720 1,755 @583 280 148 ...,
26, . 446 1, 804 1,741 @ 569 262 47 ...
2 .. 541 | 1,890 | 1,633 | @555 251 148 | ...
b2 J 607 1,985 1,619 @542 252 45 |oo..o...
29 L. 706 1,980 1, 561 @ 529 251 43 (o.....
b (| 661 2,046 | 1,472 a515 240 141 ... ..
E3 3 502 2y R F

aInterpolated.
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FELLOWS.] SOUTH PLATTE DIVISION. 59

Mazimum and minimum discharge and average run-off of Cache la Poudre River at Fort
Collins for that portion of each year eovered by records.

Discharge. Run-off.

Year. Minimum. Maximum. Second-

Depth in | feet per

inches. square

Date. Amount. | = Date. Amount. mile.
- Sec.-ft. Sec.-ft.

1884 . . ... Mar. 22 30 | June 28 5,611 1.85 1. 66
1885. ... Oct. 5 220 | June 3 3,815 1.26 1.18
1886. ... oo Oct. 13 110 | May 29 2, 666 .83 .75
1887 .. Sept. 18 110 | June 7 2, 500 .75 .68
1888, e Sept. 19 . 90 | June 15 1,550 . 43 .38
1889. i Dec. 17 33 | June 1 1, 960 .50 .45
1890. .. ... Nov. 16 39 | June 2 1,804 .59 . .h3
1891 .. ..o ... Mar. 31 32 | June 10 3, 600 .70 .63
1892 ... Mar. 17 40 | June 21 2,535 .79 .71
1893 . .. ........ Aug. 31 151 | June 12 | 2,949 .84 .76
1804. ..., Nov. 17 42 | June 6 3,672 ! .84 .76
1895. . o ccieeaia. Sept. 18 174 | June 10 3,429 .95 .86
1896. . ............. Aug. 18 192 | May 30 2,771 .55 .49
1897, ... Oct. 1 121 | May 24 3,155 .83 .75
1898. . e Oct. 1 35 | June 17 1, 699 .48 .43
1899. .. .. .. ...... Oct. 7 92 | June 21 3,968 1.08 .97
1900 . oo Sept. 20 113 | May 29 4,560 1.33 1.19

LARAMIE RIVER AT WOODS, WYO.

This stream, already briefly descrihed on pages 21 and 55, rises in
North Park in Northern Colorado, and flows northerly into Wyoming.
There is little irrigation from Laramie River in Colorado, except that a
portion of the supply of the Cache la Poudre district is supplied from
this source, as already mentioned on pages 21 and 55 (see PL. V).

The data for this station is published through the courtesy of Mr:
A. J. Parshall, deputy State engineer of Wyoming.¢

« For more detailed information, see publications U. S. Geological Survey, Eighteenth Annual
Report, Part IV, p. 142; Nineteenth, Part IV, p. 300; Twentieth, Part IV, p. 274; Twenty-first, Part IV,
p. 192; Bulletin, No. 131, p.28; No. 140, p. 95 Water-Supply and Irrigation Papers, No. 11, p. 50; No. 15,
P. 81; No. 27, pp. 78, 86, and 88; No. 37, p. 214; No. 39, p. 447, and No. 49, p. 273. Also, Report on Agri-
culture by Irrigation, Eleventh Census, by F. H. Newell, p. 261.
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Maximum and winimum discharge and average run-off of Laramie River at TWoods, Wyo.,

Jor that portion of each year covered by records.

Discharge. Run-off.

Year. Minimum. Maxim‘um. Second-

o e Depthin | feet per

inches. square

Date. ‘ Amount. Date. ‘ Amount,. mile,
1 Sec.ft. ‘ Sec.-ft.
1896.......... cen--| Aug. 49 | May | 2,166 0.63 0.57
1897. ... Apr. 48 | May | 3,435 1.35 1.21
1898, i Sept. 40 | May 1,572 .63 .87
1899 .. Oct. 1 45 | June 25 4,502 2.15 1.93
1900 .. ... ........ Sept. 1 40 | May 381 3, 995 1.73 1.55
Discharge measurements made on Laramie River at Woods, Wyo.

Date. Hydrographer. lg?gﬁet. (‘h];}ze.
1894. Feet. Sec.ft.
Sept. 27 | W .M. Gilerest .. ovou el 27
Sept. 28 |..... ¢ Vo YN PN 57
Nov. 3 |..... o Z U PR 80

1895.
May 24| W.M.Gilerest ..o 2. 80 1,129
Oct. 23 |..... 6 7o Z 0.80 49
1896. _
Apr. 20 | W. M. Gilerest .. ..o e 0. 856 7%
May 25 |..... e Vo J 2.40 797
June 16 (..... [ C Y .75 350
June 27 | Elwood Mead. ... ... . .. .. 1.25 198
Aug. 19| W.M.Gilerest . ... ... . e iieia... 0.85 81
Aug. 30 |..... [ o YN 0. 80 75
Oct. 2| C.T.Johnston . ...... .. i 1.00 121
1897. !
Apr. 10 | C.T.Johnston - ..ot i e aceeaaeanas 0.70 69
May 12| ... QO o e e, 2.30 “ 1,110
May 25 |..... e (o Y 4. 10 ‘ 3,538
June 1..... 3 (s I 3.60 | 2,509
June 2| _... 6 o N 3.75 2,651
June 14 |..... [ [ R 2.65 1,432
June 26 |..... T L Y 2.00 707
June 27 |..... 6 1o 2.00 706
1898. ‘
Apr. 30 | C.T.Johnston . ... .. .. iiiiienanaan 1.40 362
May 22 |..... 6 Lo J R 2.00 758
June 4 |.__.. s Lo NN 2,30 1,017
June 4 [._... L ¥ Y b2.40 1,123
June 5 j..... e Lo YRS 2.10 823
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Discharge measurements made on Laramie River at Woods, Wyo.—Continued.

|

Date. - Hydrographer. hgiaéglf | chlz)tirsée.

1899. ’ - Pet. | Seeft.
May 26 | A.J. Parshall ... .. l.... 3.30 2, 598
June 8 |..... 5 3 3.10 2,319
June 21 |..... o £ T 4. 40 4,145
July 6 |..... L 1o 2.80 2,194

1900.
May 4| A.J. Parshall ... . .. 1.60 460

aAt6a. m. bAt7.30 p. m.

MISCELLANEOUS MEASUREMENTS,

The following table of miscellaneous measurements upon South
Platte River and its tributaries is compiled from the Colorado State
Engineers’ Biennial Reports, and from all other available sources.
They are at various points in the division and are valuable for the
information furnished as to the discharge at given times.
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FELLOWS.] SOUTH PLATTE DIVISION. 65
SEEPAGE MEASUREMENTS.

The subjoined tables, taken from the records of the state engineer’s
office of Colorado, illustrates the extraordinary return from seep-
age along the South Platte and its tributaries. Measurements have
been made annually for a number .of years, whenever circumstances
would permit, by the state engineer's office and the agricultural
college at Fort Collins, Colo., working in cooperation, from  the
year 1889, inclusive. As may be seen from the tables, the return
from seepage increases irregularly from year to year, being natu-
rally considerably less during a very dry year than during a wet year.
The year 1896, for example, was very dry, and the returns were much
less than they would have been normally. The year 1898 was again
dry, and the return was again small.®

a For more detailed information upon this subject see Biennial Reports of the State Engineers of
Colorado: Fifth, Part I, pp. 559 to 573; Sixth, pp. 51 to 65; Seventh, 176 to 195; Eighth, 381 to 404;
Ninth, 305 to 817; Tenth, 208 to 236. Also Report on Agriculture by Irrigation, Eleventh Census, by
F. H. Newell, p. 133.
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FELLOWS.] SOUTH PLATTE DIVISION. 67
KANSAS RIVER BASIN.

A eonsiderable portion of eastern Colorado is drained by the head-
waters of Kansas River, the principal tributaries being branches of
Republican and of Smoky Hill rivers. These streams, unlike the
other streams of Colorado, do not originate in the mountains; they
derive their water supply directly from the run-off and underground
flow of the plains. The measurements of the General Land Office
show that there are about 9,459 square miles in Colorado belonging: to
this drainage basin. This territory, although not belonging physically
either to the South Platte division or to the Arkansas division, is
divided in accordance with the Colorado laws between the two, the
lands drained by the North and Middle forks of the Republican and
their tributaries constituting district No. 65 and being apportioned to
irrigation division No. I, the South Platte division; while the lands
drained by the South Fork of the Republican and the Smwoky Hill
rivers and their tributaries constitute district No. 49 and are allotted
to irrigation division No. I, the Arkansas division. The water supply
of all these streams is small, but a number of ditches have been con-
structed and irrigation is carried on so far as it is possible. Only a
few gagings have been made upon these streams in Colorado, and
these are given below in the list of miscellaneous measurements.
Stations have heen maintained in Nebraska, however, and some of the
records of those nearest to the Colorado line are given, as fornd in the
records of the U. S. Geological Survey.*

FRENCHMAN RIVER AT WAUNETA AND PALISADE, NEBR.

The station at Wauneta was located in 1895. It is the highest sta-
tion upon the Frenchman, being about 25 miles east of the line between
Colorado and Nebraska. The channel has not proved favorable to
accurate results and the station was therefore discontinued in 1896.

The station at Palisade was located October 14, 1894, at a point
about three-fourths of a mile above the railroad station at Palisade, or
about 16 miles below the gaging station at Wauneta. The results
were unsatisfactory here, also, and the station was discontinued in
1896.

The results have considerable importance in connection with any
investigation of the Colorado water supply, as the greatest source of
supply for the streams of this section is the underground fiov of east-
ern Colorado.

aFor more detailed information concerning this drainage basin see publications U. 8. Geological
Survey: Sixteenth Annual Report, Part II, p, 547; Eighteenth, Part IV, p. 194; Nineteenth, Part IV,
p. 837; Twentieth, Part IV, p. 304; Bulleting No. 131, p. 32; No. 140, p. 123, For earlie~ history and
description see Vol. XVII, Tenth Census, p. 56; also Eighth Biennial Report of State Engineer of
Colorado, p. 21; and Artesian and Underflow Investigations, Ex. Doc. No. 222, Fifty-frst Congress,
first session, and Ex. Doec. 53, Parts 1 and 2, Fifty-first Congress, second session.‘
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Estimated monthly discharge of Frenchman River at Palisade, Nebr.

[Drainage area, 1,032 square miles,]

Run-off.

Month, Mean. Total. Pm;n sﬁgftre Depth.

1895. Nec.-fect. Acre-feet. Sec.-feet. | Inches.
April .. 137 8,152 | 0.13 0. 14
MAY .« 129 7,932 .13 .15
JUDE. oo oo e e L7 8,962 .11 .12
JULY oo, | 99 | 6, 087 .10 .12
AUGUSb- -+ o oo N 1,796 .08 .09
September ... ... ... ...l | 7+ 4, 403 .07 .08
108 38,430 | .10 .70
1896. I
MAY - oo 114 7,010 .11 .18
June. ...l | 104 6,188 | .10 .11
TULY <o Yt 5,730 | .09 .10
August. ... o 76 4,673 .07 .08
September .. ... .. liiil... ! 82 4,879 .08 .09
OCODeT -« oo oo ‘ 83 5,103 .08 .09
2 33,488 | .09 .60

NORTH AND SOUTH FORKS OF REPUBLICAN RIVER AT BENKELMAN, NEBR.

These stations are fully described in the reports to which reference
has already been made in connection with the Kansas Basin. They
are located upon the two forks of Republican River, near Benkelman,
Nebr., about 20 miles east of the Colorado line.

The channel is in each case sandy and shifting, and frequent changes
in the rating tables are necessary. Both stations were established in
November, 1894, and were maintained only until the fall of 1895, when
they were discontinued owing to the unsatisfactory nature of the
results. A few gagings have since been made, which are included in
the list of miscellaneous measurements below, page 69.

Estimated monthly discharge of North Fork Republican River at Benkelman, Nebr.

[Altitude, 2,968 feet; drainage area, about 4,900 square miles.]

Month. Mean. Total.
1895. Seccnd-feet. | Acre-feet.
March - eeeamaan 78 4,796
7. 4 Y 59 3,511
My oo i iieeiieiaieiaaan 25 1,537
BT P 155 9,223
B 1 2 124 7,379
August. i 34 2,091
September . . el Dry. 0
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MISCELLANEOUS GAGINGS IN THE EKANSAS RIVER BASIN.

69

In the following table are given the results of gagings of streams in
the Kansas River Basin made during several years by hydrographers
acting under the direction of the United States Geological Survey.

Miscellaneous gagings in the Kansas River Basin.

Stream. Locality. Date. Hydrographer. Discharge.
Sec.-ft.
Chief Creek ...... 5 miles below | Mar. 23,1891 | L. R. Hope...._.. 20
Robb, Colo. -
North Fork Re- | 6 miles below |..... ' U Y E, do .......... 21
publican River. Robb, Colo.
Do........... 3 miles below | Apr. 24,1891 |.._.. do ... 51
Wray, Colo.
Do.coocnaa . At State line.....|.._.. do o.ofao.-. do _......... 70
South Fork Re- | 2} miles west of | Apr. 26,1891 |.__.. do el 78
publican River. State line.
Arikaree Creek ...| 3 miles west of | Apr. 27,1891 |.__.. do ._........ 14
State line.
Frenchman River .| Wauneta, Nebr...| Aug. 9,1895 | O. V.P.Stout .... 61
111 ST IR d0...eeen....| Sept. 10,1895 |.__.. A0 ... 56
10 S do_...o...... May 15,1896 | C. E. Crownover. . 85
Do .o do. ..ol June 18,1886 | O. V. P.Stout ... 48
Do . do........... July 14,1896 | E. G. Youngfelt __ 91
Do do........... Aug. 12,1896 | O. V. P.Stout .... 46
Do do_.o...... Sept. 16, 1896 | E. G. Youngfelt . 85
Do. ... do. ... Oct. 17,1896 | (. E. Crownover. . 63
Do........... Palisade, Nebr..._| Dec. 8,1894 | O. V. P.Stout ... 116
Do . ... ... do......... Mar. 22,1895 |..... do ... 100
Do feao.. do........... June 5,1895 |___.. do .......... 154
Do.. oo .o... do........... July 4,189 |.._.. do .ooeaan.. 74
Do. ... ... do...o..... Aug. 9,1895 |._... do ... 68
Do .. do. .. Aug. 10,1895 |._... do ......o.. 72
Do . ... ..., do........... May 15,1896 | C. E. Crownover. . 103
107, S P do-oio. June 18,1896 | O. V. P. Stout ___. 51
Do oo [ [ J July 15,1896 | E. G. Youngfelt .. 93
Do.. o ... do. oo Aug. 13,1896 | O. V. P.Stout .._. 64
Do, A0 ceeeaan Sept. 16,1896 | E. G. Youngfelt .. 85
Do ... do...._...... Oct. 17,1896 | C. E.Crownover.. 83
North Fork Re- | Benkelman, Nebr.| Dee. 9,1894 | O.V.P.Stout ... 75
publican River.
Do ... [ U Mar. 23,1895 |..... do ......o... 72
Do. oo .. do. ... June 4,1895 |..... do ... 141
Do.ooofaoa. do-..o.oo... June 24,1895 |..... do oo 36
Do. ... ... do. ......... Aug. 7,1895 | ... do .......... 64
Do........... 7 miles westof Ben- | June 16,1896 |..... do .......... 88
kelman, Nebr ..
Do.._... PO Benkelman, Nebr _|{._.__ do ... ..|....- do ..oo...... 29
075 R P doo.o.oio.. Aug. 25,1896 | E. G. Youngfelt .. 0
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Miscellaneous gagings in the Kansas River Basin—Continued.

Stream. Locality. Date. ) Hydrograpler. Discharge.
See.-ft.

South Fork Re- | Benkelman, Nebr.| Dec. 9,1894 | O. V. P.Stout ._.. 1
publican River.

J 7 T 14 1 S, Mar. 23,1895 |..... do ... ...... 41

Do . ... (s [ P June 4,189 |..... [ (O 348

Do oo (S 1 S June 24,1895 |..... [0 R 75

Do |l do........... July 3,1895 |..... do _._..._._. 278

Do ..o | doocciaaa... Aug. 7,1895 ... do .......... 22

2 S P s (S P, June 16,1895 | E. G. Youngfelt .. 3

Do |l S [ Y, Aug. 18,1900 | O. V. P. Stout ... 3

North Fork Re- |..... (6 (s YN do covaoojoaa.. do oo .42
publican River.

Frenchman River .| Wauneta, Nebr .. .| July 27,1900 | A. B. McCoskey -. 74

Do ... Palisade, Nebr....|..... do coooofoao. (s [ 91

ARKANSAS RIVER DIVISION.
DRAINAGE.

The drainage basin of Arkansas River has been so fully described
in other reports ® that but a brief description of its physical character
is necessary at this time. The river rises a little west of the center
of the State, near Leadville, and flows southerly and we~terly until it
passes into Kansas, a short distance above Coolidge. Until Canyon is
reached the country passed through is in general rather mountainous
and comparatively little irrigation is practiced, the water being used
mainly for power, for domestic supply, and for placer mining, and
here and there only for irrigation in a small way. At Canyon, how-
ever, the valley becomes broader, and when the river reaches Pueblo
it enters the broad plains of eastern Colorado, upon-which the irriga-
tion practiced is limited only by the amount of water av=ilable.

The territory drained by the Arkansas and its tributaries forms
irrigation division No. 1I,> which is subdivided into a number of water
districts. These are district No. 11,¢ at the head of the Arkansas, in
which there is but little irrigation and the water is used principally
for storage, placer mining, and for the development of power; district

a See Hayden’s reports, and publications of the U. 8. Geological Survey as follows: Tenth Annnal
Report, Part II, pp. 69 and 86; Eleventh, Part IL, pp. 45 and 300; Thirteenth, Part ITI, p. 362; Seventeenth,
Part II, p. 557; Eighteenth, Part 1V, p. 223; Nineteenth, Part IV, p. 351; Twentieth, Part IV, p. 323;
Twenty-first, Part IV, p.229; Bulletin No. 181, p. 34; No.140, p. 153; Water-Supply and Irrigation Paper
No. 87, p.225; No. 59, p. 319. Also, Report on Agriculture by Irrigation, Eleventh Census, by F. H.
Newell, p. 97.

b Fourth Biennial Report Colorado State Engineer, Part I, p. 46; formap see Fourth Biennial Report,
Part II, Pla* : I; Seventh Biennial Report, the same. Also, Report on Agricnlture by Irrigation,
Eleventh Census, by F. H. Newell, p. 97.

¢ For map see PL. Iin Part II of Fourth and Seventh and PL I in Part IT of Fifth Biennial Report
of State Engineers.



PELLOWS.] ARKANSAS RIVER DIVISION o

No. 12,¢ the Canyon district, where irrigation is extensively practiced,
both upon the main stream and upon its tributaries; district No. 14,%
the Pueblo district, where the larger canals begin to divert the water
of the main stream; district No. 17,¢ the Rockyford district, in which
irrigation is very extensively practiced, the largest canals ir the State
having their headgates in this district, and district No. 67,> where the
waters are entirely used for irrigation, enormous canals and reservoirs
diverting the total flow during the greater portion of the year. The
districts comprising the territories drained by the more important of
the tributaries are as follows: ’

District No. 10, comprising the drainage basin of Fortaine Qui
Bouille; No. 13,7 comprising the drainage basin of Grape Creek; No.
15,¢ of the St. Charles; No. 16,7 of the Huerfano and Cuclaras; No.
18, the Apishapa; No. 19.° the Purgatory, and No. 66, in which a
little irrigation is practiced upon the tributaries of the Dry Cimarron.

District No. 49,7 in which are the headwaters of the South Fork of
the Republican, can hardly be classed with any of the divisions, as it
is not of the drainage basin either of the South Platte or of the
Arkangas, but lies between the two, and comprises, with }To. 65, the
headwaters of the Kansas. Of the various tributaries of the Arkan-
sas, those which enter the stream above Pueblo may be classed as
mountain streams, while those entering below that city have more of
the nature of streams of the plains, although several of them, as the
Huerfano, the Apishapa, and the Purgatory, head in the mountains.?:
As is the case in the South Platte drainage, the mountain streams are
perennial in nature, although there is a very high stage in the spring
and early summer and a very low stage in the fall and winter. .The
plains streams are nearly always dry, except after storms and for com-
paratively short distances near their heads, where the water is gen-
erally used for irrigation. “Although by far the greater portion of
the water of the Arkansas is used, there are still opportnities for
storage, especially along some of the plains streams. If vater is to
be stored, however, such canals must be constructed as will safely
divert great quantities of water for short durations of time, and convey
them to large reservoirs in the plains, where there are mary sinks or
depressions available. A number of reservoirs have been regregated

aFor map see Pl. I in Part II of Fourth and Seventh and Pl II in Part II of Fifth Biennijal
Reports of State Engineers.

bFor map see Pl I wn Part II of Fourth and Seventh and Pl IV in Part II of Fifth' Biennial
Reports of State Engineers,

cFor map see Pls. I and IX of Part II of Fourth and Seventh and Pl. IV in Part II of Fifth
Biennial Reports of State Engineers.

d For map see Pl, I in Part II of Fourth and Seventh Biennial Reports of State Engiueers.

e For map see Pls, I and XI tn Part IT of Fourth and Seventh and Pl. IV in Part II of Fifth
Biennial Reports of State Engineers.

fFor map see Pls. I and XII in Part 1I of Fourth and Seventh and Pl, IV 1 Part IT of Fifth
Biennial Reports of State Engineers.

g See page 69,

hFor thorough investigation of the piains region see Seventeenth Annual Report U. 8. Geological
Survey, Part I1, p. 6567.
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in this basin by the General Government, but no caveful surveys
have been made of any of them, excepting a few at the head of the
Arkansas. The principal reservoirs of this division now in use are
Twin Lakes® reservoir (see figs. 2, 3, and 4), which is being used by
the Twin Lakes Land and Water Company, and the reservoirs of the
Great Plains Water Company, the latter being located about 12 miles
north of Lamar in great natural depressions¢ (see fig. 6).

The agriculture of the Arkansas River, as well as of the South
Platte, is exceedingly varied, on the upper portions only hay and
grain being cultivated, while throughout its middle and lower courses
fruit is extensively raised, and lower down melons, sugar beets, and
alfalfa are among the staples. Horse, cattle, and sheep raising are
extensively practiced throughout the division.

STREAM MEASUREMENTS.

Stations have been maintained upon the main stream and its tribu-
taries in the division for longer or shorter periods of time at Twin
Lakes, Granite, Salida, Canyon, Pueblo; Nepesta, Manzanola, Rocky-

ford, La Junta, Las Animas, Prowers, Lamar, Granada, upon the
main stream, and at Trinidad, J. J. ranch, and Las Animas on the
Purgatory. Of the stations named those at Manzanola, La Junta,
Las Animas, and Granada are unimportant, so far as this compilation
is concerned, ax the results obtained have not been of sufficient value
to warrant the deduction of any conclusions from them. Those at
J. J. ranch and Las Animas on the Purgatory are also omitted for
the same reason. The measurements made at these points, however,
will be found in the list of miscellaneous measurements (p. 99).

a8ee Annual Reports U. S. Geological Survey: Tenth, Part II, p. 58; Eleverth, Part II, p. 133;
Twelfth, Part II, p, 55; Thirteenth, Part III, pp. 362-370; Twentieth, Part IV, p. 31.
bSee Annual Reports U. 8, Geological Survey: Tenth, Part II, p. 95; Eleventh, Part II, p. 135;
Thirteenth, Part (IT, pp. 365 and 460; Nineteenth, Part IV, p. 362; Twentieth, Fart IV, p. 323, and
Twenty-first, Part IV, p. 238.
cFor descriptions see Reports last cited; also Twenty-first Annual Report, Part IV, p. 240,
’
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LAKE CREEK AT TWIN LAKES.

Lake Creek enters the Arkansas a short distance above the town of
Granite. It is not alarge stream, but it is of considerable importance
owing to the fact that within its basin lie the Twin Lakes, used as reser-
voirs by the Twin Lakes Land and Water Company. No regular meas-
urements have heen maintained upon this stream, those that are given
being derived from various sources and made in various places. The
present stations are two in number, one between the two lakes, I'nown as

Fig. 3.—Longitudinal section through gates, dam, and culvert of Twin Lakes rese-voir.

the Interlaken Station, and one below the lower lake, known as tl » Lower
Twin Lakes Station. Measuvements may be made at either station at low
water by wading, but at high water advantage may be taken of bridges
constructed across the stream. The channel at the Interlaken station is
good, but this station must necessarily be abandoned as soon as the water
is raised above what was the highwater mark before the constrriction of
the dam described in the Twenty-first Annual Report, Part IV. At the

Fig. 4.—Cross section below masonry dam of Twin Lakes reservoir.

lower station the channel is rocky, but fairly permanent in its nature,
and the hanks are high and not liable to overflow.

The importance of the stations lies in the facts that the data obtained
will furnish information concerning available power and will be of
especial value in determining the amount of water to which the Twin
Lakes Land and Water Company is entitled at its head gates. The
waters of this stream are also largely used in placer mining. ¢

aFor more detailed data concerning these stations, see Tenth Biennial Repbrt of the State Engi-
neers of Colorado, p. 293, and publications of the U. 8. Geological Survey, as follows: Eleventh Annual
Report, Part 11, pp. 47 and 96; Twelfth, Part 11, Pl. LXVI, opposite p. 240; Twenty-first, Part IV
p. 238; Water-Supply and Irrigation Papers No. 87, p. 256; No. 39, p. 449; and No, 60, 1. 320.
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Estimated monthly discharge of Lake Creek at Twin Lakes.
[Altitude, 9,012 feet; drainage area below both lakes, 109 square miles.]

Discharge in second-feet. Pun-off.
Month. Total in acre- | gecond- .
Maxi- Mini- Mean " feet per | Depth in
mum. mum, i gquare | inches.
mile.

June 21 t0 80 ooooeao Lo 847 50,519 7.79 8.69
July oL 667 370 454 27,915 | ~ 4.17 4. 81
August ..o oL 588 230 381 23,427 3.50 4,04
September 1to 11 ... ... . ... . ..o... 194 11, 543 178 1.99
July 22081 oot oo |l 208 4,086 | 1.89 .79
August ..oooooee....l 182 40 119 7,317 | 1.0 1.26
September1to 8....._ .. [FR PR 35 555 &2 .10

Discharge measurements made on Lake Creek at Twin Lakes.

Date. Hydrographer. h‘g{'ﬁ:}t‘ clPaiIze. Remarks.
1899. Feet. Sec.ft.
- |] At old station No. 1. (Sta-

Jllly 17 | A.L.Fellows ....c..... 2.80 273 tion in channel above up-
Oct. 12 |..... e (o S 1.90 27 per lake.)

1899. :
June 21 | O.0.McReynolds...... 3.60 | 1,007
Oct 12 | o I Mio| (| At oM seton No.2 (sta

1900. tion at bridge over chan-
July 9| A.L.Fellows -........ 170| 20g || DnelPetween lakes)
July 16 | O. O. McReynolds ...... 1.00 146

1900.
July 10 | A. L. Fellows .__._...... .85 248
July 18 |..... A0 oo 50 192 || Interlaken Station. (Station
Aug. 3| 0.0.McReynolds ...... .25 52 athead of channel between
Sept. 4| C.W.Beach _.......... .15 95 || lakes.)

1899.
June 21 | O.0.McReynolds ...... 3.80, 1,208
June 27 [..._. do oooiiiiaall. 3.20 696
July 17 | A.L. Fellows .......... 2.56 391 . .
Julz 24 | 0.0. McReynolds .. ... 2.50| 344 || Old station No. 3. (Station
Aug. 14|..... A0 e 9.50| 183 |[ 2t bead of channel dis-
Oct. 13| A.L.Fellows - ool 29 charging fromlower lake.)

1900.
July 10 | A. L. Fellows .......... 2.50 193
July 16 | O.0.McReynolds ...... 2.40 245
July 18 | A.L.Fellows -......... 2.35 210 (| Lower Twin Lal-es Station.
July 18 |..... s 1o Y 2. 50 260 (Station below junection of
July 18 |..... dO i 1.97 118 old channel and new cut
Aug. 11| 0.0.McReynolds...... 2.13 156 discharging from lake.)
Sept. 4| C.W.Beach ........._. 1.30 25
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ARKANSAS RIVER AT GRANITE

This station was located at the wagon bridge across the Arkansas- at
Granite, measurements being made from this bridge. T"e results are
not of great value, owing to the extremely changeable nature of the
channel, which lies in beds of bowlders and gravel and shifts con-
stantly. For that reason measurements and records h~ve not been
kept up closely. The present condition of the channel seems to be
somewhat more stable, however, and the station may be reopened.
It is important from the fact that the discharge of the entire upper
portion of the Arkansas, which is of the most value for the develop-
ment of power and for placer mining, may be learned from the data
obtained at this point.®

Estimated monthly discharge of Arkansas River at Granite.

[Altitude, 8,930 feet; drainage area, 425 square miles.]

! Discharge in second-feet. Run-off.
Month, . . Tomfleié;_acre' Second- .
Moz | Mint | Mean. fectper | Bepth in
mile.

1897
May oo 2, 058 268 | 1,109 68,190 | 2.61 3.01
June ... .. ... 2,162 923 | 1,459 86,817 | 3.43 3.83
July oo | 1,096 41719 44,209 | 1.69 1.95
August ... _........._. { 546 176 350 21,520 . .82 .94
September. ... ....... 350 114 169 10,057 | .40 .45
October ..__............ 114 114 114 7,009 .27 .81
November -« oooeeeoa.. R b115 6,843 .27 | .30
December............... RN AU 115 7,071 .27 .31

1898, f i
August ................. |’ 151 75 } 118 6,948 27 .81
September.............. ‘ 93 8 | 45 2,678 .11 .12

a For more detailed information concerning this station see Biennial Reports of the State Engineer
of Colorado: Eighth, p. 484; Ninth, p. 359; Tenth, p. 296. Also publications U. S. Geological Survey:
Eleventh Annual Report, Part II, pp. 47 and 96; Nineteenth, Part IV, p. 353; Twantieth, Part IV, p.
330; Water-Supply and Irrigation Papers, No. 16, p. 117; No. 28, pp. 110, 116, an¢ 117; No. 37, p. 257;
No. 39, p. 449. Also, Report on Agriculture by Irrigation, Eleventh Census, by F. H. Newell, p. 104.

b Approximate.



FELLOWS.] ARKANSAS RIVER DIVISION. 7

Discharge measurements made on Arkansas River ai Granite.

Date. Hydrographer. h(gfgf,. chlg,ﬁe.
1895. Feet. Sec.-ft.
July S| A.P.Davis .. o ... 0. 50 1,065
Sept. 26 |..... AO e e 3.10 215

1897.
Apr. 17 | C.C. Babb. oo ieiaaan- 3.20 120
May 8| F.Cogswell ... . ... 4.20 940
May 18 |..... [ s SN 4.90 1,236
June 29 |...._. do i 4.60 1,151
July 27 1..... s P IO s 3.75 415
Aug. 31 |..... s [ R, N 3.20 206
Sept. 27 |..... do oo e e ee—ann 3.10 203
Nov. 6 |..... o 3.00 153
1898.
July 30 | A L. Fellows ... ... .. ieeiaaaa- 3.50 151
Aug. 26 |..... L S .. 3.40 112
Oct. 26 |..... L 3.30 75
1899.
May 25 |..... i s S 5.00 1,476
July 15 |..... ¢ 2. 80 1,178
Oct. 14 |..__. Ao oo e 1.60 130
1900. .
July 9 |..... do ..., ) P 570

ARKANSAS RIVER AT SALIDA.

This station is located at the footbridge near the railroad shops at
Salida. It was established April 11,1895, and has been maintained
for a portion of each year since that time. The gage rod has been
fastened to the north side of the footbridge, but considerable diffi-
culty has been experienced owing to the fact that ice and logs con-
stantly interfere with the rod, three new rods having been required in
1900. The banks are high and are not subject to overflow, but there
are large bowlders.in the stream which interfere with the accuracy of
the results of measurements.

The importance of the maintenance of the station lies in the
information furnished as to the time required for water to flow from
Granite to Salida and again from Salida to Canyon, this question
having a bearing upon the distribution of the use of the water turned
out from Twin Lakes; and it is, moreover, valuable from tl~ point of
view that it is extremely probable that the entire discharge of the
Arkansas at this point may eventually be used for power purposes in
the Grand Canyon of the Arkansas.®

aFor more detailed information concerning this station, see Biennial Reports of the State En_gi»
neers of Colorado: Eighth, p. 480; Ninth, p. 361; Tenth, p.298. Also publieations U. S. Geological
Survey: Eighteenth Annual Report, Part IV, p. 224; Nineteenth, Part IV, p.355; Twertieth, Part IV,
p. 331, Twenty-first, Part IV, p. 230. Bulletin No. 140, p. 155; Water-Supply and Irrigation Papers, No.

16, p. 118; No. 28, pp. 110 116, and 117; No. 37, p. 258; No.39, p.450; and No.50, p.322. Also report on
Agriculture by Irrigation, Eleventh Census, by F. H. Newell, p. 104.
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Mazimum and minimum discharge and average run-off of Arkansas River at Salida for

that portion of each year covered by records.

Discharge. Run-off.

Year, Minimum, ! Maximum. Second-

| Depth in | feet per

inches. square

Date. Amount. Date. Amount. mile,
See.-ft. Sec.-ft.
1895. .. o oa... ceeo| Oct. 13 402 : May 14 2,462 0.99 0.89
1897 .. Oct. 4 320 | May 31 2,910 .91 .82
1898 ... Oct. 7 100 | Aug. 2 428 .28 .21
1899 .. Sept. 28 240 | June 20 3,900 .92 .83
1900. oo eeei .. Apr. 14 65 | June 1 l 3,633 .74 .67
. {
Discharge measurements made on Arkansas River at Salidu.
Byasogmpher e | B
|

1895. . ‘ Feet. See.-ft.

Sept. 27 | A P Davis .o iiieaeaaann 0.6) 463
1896.
May 26 | T. Cogswell ..o ..o i 3.10 | «2,023
June 24 |..... QO o e 1.4 638
Sept. 29 |..... QO e e 1.0° 352
Oct. 27 |..... L .87 317
1897.

Apr. 17 | C.C. Babb ... e .69 219
Apr. 27 | F. Cogswell. .. .. . e iiea... 1.5% 709
May 8| .... L 2,27 1,178
May 30 |..... A0 oo i 4. 07 2,821
June 29 |..... & 1o J PN 2.59 1,492
July 27 ._.... QO e 1.8* 606
Aug. 31 |..... Ao e .85 371
Sept. 27 |..... 6 1o R 1.00 405
Nov. 6 |..... QO ce e e .90 378

1898. .
Apr. 27 | A L. Fellows. ... ... ... 1.10 480
May 20 |..... 6 3.10 415
June 25 |..... QO e e 3.10 2,352
July 29 |..... QO e e 1.25 568
Aug. 26 |..... QO e e eeeeiaaaan .90 360
Oct. 26 |..... QO o e 80 222

a Approximate; meter out of order.
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Discharge measurements made on Arkansas River at Salida—Centinued.

Date. Hydrographer. ;ﬁ%‘fn chIz)airsé ..
1899. Feet. Sec.ft,
Apr. 26 | A. L. Fellows_ ... ... ... ... 1.72 686
May 25 |..... 6 T T 3.10 1,999
July 14 |..... & 1o 2.40 1,801
Nov. 18 |..... T T .80 317

1900.
Mar. 15 | A. L. Fellows. ... ... . iiiiaeaan. .90 271
June 14 |.__._ 6 L Z 4. 30 3,036
Aug. 8 |..... & L N 1.08 443
Aug. 22 (... & 1o J .87% 364

ARKANSAS RIVER AT CANYON.

This station is located near the Hot Springs Hotel, 13 miles west of
Canyon, and a short distance helow the mouth of Grape Creek (see
Pl. VII). It was established in the year 1889, and records have been
kept up ever since that time, thus furnishing a most valuable table of
discharge of the Arkansas River. The station is of particular impor-
tance as it is located at the mouth of the canyon and above practically
all the irrigating ditches excepting the Canyon ditch and the South
Canyon ditch, which draw their supplies at short distances above the
station. Fach of these carries from a very few feet up to 60 cubic
feet per second, according to need during the irrigation season.

The table does not include the amounts carried by the canals, and
their flow should be added to the discharge of the river at the station
in order to get the total run-off at the mouth of the canyon. The
channel is fairly constant, changing but little during tl'~ entire time
that the station has been maintained. The banks are high and not
subject to overflow.®

aFor more detailed data concerning this station, see Biennial Reports of the State Engineers of
Colorado:; Fourth, Part I, p, 62, and Part II, Pl. X VI: Fifth, Part 1, pp. 21 and 3¢, and Part IT, Pl. X;
Sixth, pp. 19 and 24; Seventh, pp. 163 and 164; Eighth, p. 474; Ninth, p.363; Tenth p.300. Also publi.
cations U. 8. Geological Survey: Eleventh Annual Report, Part 11, p. 97; Twelfth, Part 11, pp. 240 and
349; Thirteenth, Part III, pp. 19 and 363; Fourteenth, Part II, p. 106; Eighteenth, Part IV, p. 225;
Nineteenth, Part IV, p. 8566; Twentieth, Part IV, p. 831; Twenty-first, Part IV, [. 231; Bulletins, No.
131, p. 35; No. 140, p. 156; Water-Supply and Irrigation Papers, No. 11, p. 60; No. 16, p. 119: No. 28, pp.
110, 116, and 117; No. 37, p. 258; No. 39, p. 450; No. 50, p. 323. Also, Report on Agriculture by Irriga-
tion, Eleventh Census, by F. H. Newell, p. 112.
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Maxcimum and ninimum discharge and average run-off of Arkansus R ver at Canyon for

that portion of each year covered by records.

Discharge. Run-off. @

Year. Minimum. Maximun. Second-

__ Depth in | feet per

inches. square

Date. Amount. Date. Amount. mile.
Sec.-ft. Sec.-ft.

1888, e Sept. 28 420 | June 19 2,760 3.80 0.28
1889 ..., | Qct. 12 190 | Aug. 9 2,620 1.92 .14
1890. ...  Jan. 14 180 | May 28 3,270 3.88 .28
1891, ... Jan. 11 325 | June 13 4,230 4. 49 .35
1892 .......- Jan. 15 345 | June 25 s 4,750 3.95 .29
1893 . ... Aug. 200 | June 4, 750 3.80 .27
1894, (... Oct. 245 | June 4,400 3.74 .28
1895. ... ... Dec. 16 2566 | June 11 2,588 3.71 .27
1896 . ............ Nov. 28 124 | Aug. 30 2, 876 2.41 .18
1897 .. Apr. 10 108 | June 4 3,452 3.33 .25
1898 . ... Oct. 3 160 | June 19 3,245 2.84 .21
1899 . ... . Feb. 18 160 | June 20 4, 432 3.98 .30
1900. ... ....... Sept. 22 194 | May 29 4,251 3.50 .26

aThe run-off given Is for each entire year, including estimated months.
the authorities cited.

Discharge measurements made on Arkansas River at Canyon.

Deteils may be found in

Date, Hydrographer, h(e}ig 1. ch];i!i;e.

1889. Feet. Sec.-ft.
July 26 | Robert Robertson . ... ....oooeoe oo aae 2.25 421
July 26 |0 o e 3.00 833

1890,
Apr. 1) Robert Robertson ... .. ... oo ieiiiiaaaaaan 1.62 222
Apr. 2 A0 i 1.70 286
-3 SR PR ¢ [ S 1.88 360
Apr. 28 | O e 2.93 744
May 1 |oeeee@O coomi e ceeeeeaeaaaaaae 2.73 775
May 2 e e e e aeeeeae e 2.80 891
May 2 | . cdo o i 2,78 862
May 23 1. Q0 ceei e 4.77 2,705
JUNE B Lo QO oo e e 4.85 |« 2,641
June 12 | Q0 o e 4. 53 2,220
June 14 |oo oo oo 4.65 2,598
June 19 | dO - e 4. 48 2, 380
June 28 [ A0 et 4.55 2, 386
June 27 | .. odO o e 4. 55 2,394
June 30|, .. dO e eeeaeeeeaaeaaaan 4.23 2,055
July 9 e o0 e i 4.22 1,998
July 12 | @0 i 4,05 1, 806
July 16 | cdO e ieaeaieas 3.82 1,546
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Discharge measurenents made on Arkansas River at Canyon.—Continued.

Date. Hydrographer. } h?i‘; et' elﬁifg'e.
1891. ‘ Feet. See.oft.
Apr. 13 | T. M. Banmon. . ..o oot ‘ 3.00 7
Dec. 4]..... L . L8 328
1893. i
Sept. 22 | F. T Newell <o oo e 24 291
1894.
Apr. 15 | F.H. Newell ..o i 4.20 2,395
May 18 |..... ' Lo PR 3. 80 1,940
Jung 18 {..... s (o N ‘ 4. 80 2,387
Sept. 20 [ A.P.Davis ... ... .. eceieeiaoa- - 2,65 395
QOct. 15 |..... QO oo e 2.40 319
1895.
May 31| A.P.Davis o .. e 4.35 2,434
June 13 |.__.. [ U J U 4. 50 2,397
Oct. 4 |..... [ Lo S 2.70 585
1896.‘
July 381 | F.Cogswell ... e 2. 40 414
Aug. 30 |..... < 1o 2.00 203
Sept. 16 |..... dO et e 2.05 251
Oct. 31 |..... ' ¥ I 2.20 289
Nov. 14 [..... s (o S 2.55 294
1897.
Apr. 16 | C.C.Babb ... icceeiieaan 2.20 260
May 7 |..... & 16 Y 3.10 827
May 26 | F.Cogswell . ... i 4.95 2,712
June 16 |..._. do ......... g e mmaaaan 5.25 3,071
July 14 |..... L S 3.60 1,140
Aug. 110..... s 1o YR 3.05 T4
Nov. B |..... s 1o 2.98 540
1898,
May 21 | A.L. Fellows ..o e e eeeeeaas 3.06 608
June 25 |..... [ U Y 4. 82 2,830
July 28 [..... QO e 3.05| 611
Oct. 27 j..... G Lo 2.60 316
1899.
Apr. 27 | AL L. Fellows ... .. i iciiieaaaaaan 3.20 611
May 26 |..... G 1o T 4.55 2,189
July 7 |..... QO e 4.50 2,651
Aug. 18 |_.__. & 2.90 553
Nov. 7 |..... 6 7 U 2. 58 306
1900.
Mar. 14 | A L. Fellows - .o e 2.85 408
June 14 |..... A0 o e 5. 50 3,235
July 20 |..... [ (o 2.8 570
Sept. 8 [..... 5 L 2.10 229
Sept. 12 | RoW.Hawley. ... .oooii i, 2,10 205
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ARKANSAS RIVER AT PUEBLO.

The first records of the discharge of Arkansas River in the vicinity-
of Pueblo are for the months of May and June, 1885, From this time
until August, 1889, records were kept more or less irregularly at a
point near the mouth of the canyon, about 9 miles above the city
of Pueblo. No other records were kept in this vicinity until
September, 1894, when the station was relocated in the city of
Pueblo. As only one large ditch, the Bessemer canal, takes water
from the river in District No, 14, in which Pueblo is situated, the
station answers admirably for assisting in the distribution of the
waters of that district. Owing, bowever, to the changes in the c¢han-
nel, the construction of side walls, and the removal of a dam in the
lower part of the city, it has been necessary to change the location of
the rod from time to time. Up to the fall of 1898 the records of
gage heights were taken from a rod situated at the north end of the
Santa Fe avenue bridge; at that time, however, another rod was
placed at the south end of the Main street bridge, and in March, 1900,
another rod was placed at a point a short distance below thesouth end
of the Union avenue bridge. This is the rod used at present. These
changes in location have, however, no material bearing upon the actual
discharge, as measurements have been taken frequently and these sta-
tions are practically one, being located in the same long stretch of
clear, open channel, with no inflow, and having high retaining levees
constructed by the city. (See PL. VII, B.) The channel at present
is probably the best in the State, although it fills to some extent at low
water and scours out again at high stages. Measurements are usually
made from the Main street bridge, but may be made by wading at
low water.

In comparing the tables it should be borne in mind th~t the records
for 1885 to 1889, inclusive, are for a' point about 9 miles above the
station for the later years, and that considerable water is taken out
between the two points. Moreover, much less water was used on the
higher reaches of the stream prior to 1889 than since that time, so that
practically the two stations bear little relationship to each other.
They are, however, given together for advantage in comparison.
Measurements of the water level are kept up regularly by the office of
the city engineer of Pueblo, and it is to this office that we are indebted
for a large proportion of the records given in the tables.

This station is of particular importance, for, being near the head of
one of the most important districts and also near the headquarters of
the superintendent of the Arkansas division, it is of use in ascertain-
ing the discharge of the river with reference to the proper distribution
of the water amongst consumers. It is further important because the
waters of the Arkansas are being used more and more for power, and
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the surplus, whenever there is any, is being stored in large reservoirs,
of which there are several important ones in the vicinity of Pueblo.®

Discharge of Arkansas River at canyon above Pueblo, 1885 to 1889, inclv vive.

Month. ! 1885. 1886. 1887. 1889, Average.
Sec.-ft. See.-ft. See.-ft. Sec.-ft. Sec.-fl.
May coeoie e 1,069 3,046 | ..o ..... 1, 300 1, 805
June ....ooiiiiioel 3,187 5,569 3,477 2,108 3,585
July oo 1,724 3,352 766 1,947
August - oo 1, 481 1,717 668 1, 289
September. ... . ... . ... .- 1,372 1,129 ... ..... 1, 250

a For more detailed data concerning this station, see Biennial Reports of the State Engineers of
Colorado: Third, pp. 168 to174; Fourth, PartI, p. 62, and Part II, P1. XVI; Eighth, p. 468; Ninth, p. 366;
Tenth, p. 304. Also publications U. S. Geological Survey: Eleventh Annual Report, Part II, pp. 49
and 98; Eighteenth, Part IV, p. 227; Nineteenth, Part IV, p. 857: Twentieth, Part IV, p. 836; Twenty-
first, Part IV, p. 232; Bulletin No. 140, p. 158; Water-Supply and Irrigation Papers, No. 11, p. 61;
No. 16, p. 120: No. 28, pp. 111, 116, and 117; No. 87, p. 259; No. 89, p. 450; No. 50, p. 325. Also Report
on Agriculture by Irrigation, Eleventh Census, by F. H. Newell, p. 126.
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Maximum and minimum discharge and acerage run-off of Arkansas River at Pueblo for
that portion of each year covered by records.

. Discharge. R Run-off.a
Year. Minimum. Maximum. Second-
— | Depthin | feet per
Date. Amount. Date. : Amount, inches. ”,‘%,‘i{‘ge
Sec.-ft. See.-ft.
1895 oo, Dec. 26| 256 June 13 | 2,58 | 272| 0.2
1896 . . ...l Aug. 10 203 | Ang. 18 ‘J 3, 428 1. 54 .11
1897 . L Mar. 13 146 | June 2 3,750 1.92 .14
1898, .. ... Oct. 6 31 | July 13 ‘ 5, 385 1.82 .13
1899 ... Sept. 13 150 | June 20 4,891 2.73 .20
1900, ... .. ... .. Sept. 1 134 | June 2 6,980 ‘ 2.80 .21

aThe run-off given is for each year entire, including estimated months; the discharge given is for
average months, and the totals for an average year, as calculated from all observations and estimates,
Details may be found in the authorities cited.

Discharge measurements made on Arkansas River at Pueblo.

Date. Hydrographer. ; ﬁﬁfﬁt, chggo.
1894. Feet, See.-ft.
Apr. 24 | P. J. Preston . ... ... ieiieeeaana a 322
Sept. 19 | A, P. Davis ... e eaaan 0.3 378
Oct. 13 |..... [ (o T .39 370

1895.
Feb 6 A P. Davis. ..o e e e eeeeeaaan .40 411
May 20 [..... O e e 1.65 1,435
June 3 |..... QO e o 2, 261
June 4 |..._. [ o R e ¢ 1,973
June 4| ___. S U PP d 2,022
June 11 |..... A0 e L 28| 2,7
Sept. & | F. Cogswell. ... ... . . . 570
1896.
Mar. 22 | F. Cogswell. ... i iiieiiceaaaaann .59 470
Apr. 8 |..__. QO oo 1.3 1,016
May 27 |..... ' o TN 2.0V 1,682
June 5 |.._.. 15 0T N 1.65 1,403
July 10]..... O - oo oo .3) 335
July 30 |..... [ T JP .59 510
Aug. 18 1..... QO e me e .00 203
Aug. 19 ... QO w e e .83 534
Aug. 19 ... QO oo e C 10,07 | 16,500
Sept. 16 |..... O el } .3) 294
Oct. 30 |..... [ (o | .35 320
Nov. 13 [ C.C.Babb ... i e .31 2908

@ Measurement made at Main Street bridge.

bMeasurement made at Swallows.

¢ Measurements made at Bridge No. 8, section 4.

d Measurements made at Bridge 155 B.

e Approximate estimate of flood at 12 m. night of August 18, 1896, A maximum velocity of 15 feet
per second was obtained by means of floats.
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Discharge meusurements made on Arkansas River at Pueblo—Continued.

Date. I Hydrographer. h(e}ia‘g et. eh];ii-qg-'e.
1897. Feet. See.ft.
Apr. 16 | C. C.Babb ..o il 0.20 216
May 6| F. Cogswell... . . ...l 1.60 799
May 21 ..... G LG 2,00 1,856
June 18 |..... QO o - 2.55 2,219
July 16 |..... R S 1.15 981
Aug. 10 [..... 4 o .95 805
Sept. 8| P.J. Preston ... .. ...l .10 184
Sept. 28 |..... QO oo e .45 394
Nov. 4| F. Cogswell ... .. . . ... .75 601

1898.
Apr. 5 | P.J. Preston ..o .27 248
Apr. 29 | AL L. Fellows. . ... .. iaiia.. .06 513
May 5| C. W.Beach. . .. ... .. . ...l iiiioiiil.. .09 876
May 30 |..... 5 G S .10 1,144
June 3 ..... & s 1.40 1,639
June 9| A. L. Fellows. .. e 1.8 2,002
June 14 | C. W, Beach. .. .. ... 1.9 1,987
July 8 |..... S 05 1.63 1,726
July 26 | A. L. Fellows. . . i .35 816
July 28 | C. W. Beach. ... . .. ... .81 743
Aug, 2 |..... 1S .45 405
Aug. 11 |..... 18 S .50 468
Aug. 20 | C. W. Beach, R. W. Hawley... .. . ... ............ .15 211
Aug. 30 | AL L. Fellows. . .. i i i .00 134
Oct. 20 C.W.Beach. .. ... .. .. el .20 290
Oct. 291 A. L. Fellows. ___ ... .. - .40 320
Nov. 3| C.W.Beach... . . .. . i iiiiiiiiicaiaaaaaaas .30 344
1899.
Apr. 27 1 AL Fellows ... L. iiaiaaaaaa. .80 695
May 26 |..... 6 s Y 2.20 2,221
June 3| C.W.Beach .. ... ... aeaaaan 2.55 2, 856
June 17 ..... 6 o T 3.60 4,565
July 1 j..... 4 oS 2.22 2, 959
July 8| A L. Fellows ..o .o oo . 1.61] 2,098
Aug. 1| C.W.Beach .. .. . i .72 1,199
Aug. 5 |..... QO e e 1.46 1,938
Aug. 14 | AL Fellows ... ... e 1.20 1, 496
Sept. 10 |..... L 0 Y .50 180
Sept. 18 | C.W.Beach ... ... eeiaan .10 388
Oct. 6 |..... 6 .20 331
Nov., 7| AL Fellows .. oo i ens .05 411

aNew gage rod at Main street.
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Discharge measurements made on Arkansas River at Pueblo—Continued.

Date. Hydrographer. h(giagglft. oh]?ai:ée.
1900. Feet. Sec.-ft.
Mar. 3| A L. Fellows ..o ..o i ceaeaacaaaen 2.17 498
Mar. 16 |._... e 1 2 2.05 435
Apr. 8 |..... & 1 J 2. 3¢ 675
Apr. 121 C.W.Beach ... .. ..o 2.15 608
May 21 |..... & 1o J 5. 70 5,072
June 13 | A L. Fellows - oo oo i iiee e 5.10 3,963
July 17 |..... do .. eeeo.... e e et 2.59 751
July 21 |..... & LS 2.25 | 583
Sept. 3 R.W.Hawley .. .oooio e, 1.35 153
Sept. 5! C.W.Beach .o e 1.43 191
Sept. 7 | A L. Fellows ... .. .. 1.49 174
Sept. 25 | C.W.Beach - ... .. . i, 1.82 346

ARKANSAS RIVER AT NEPESTA.

This station is located at the wagon bridge a short distance above
the railroad station of the Atchison, Topeka and Santa Fe Railroad
at Nepesta, and is maintained by the Great Plains Water Company.
It was established September 8, 1897, and records have been kept
during each irrigation season since that time, only those for 1898,
1899, and 1900 heing reliable, however. Two gage rods are nocessary;
one for use at high and the other at low water. Measurements are
made from the wagon bridge. The channel is sandy and shifting and
frequent changes are necessary in the rating table. The importance
of the station is due to the fact that it is so conveniently located to the
railroad station that representatives of the large irrigation canals upon
the river may readily keep themselves informed as to the discharge
and the use of the water of the stream.®

@For further information concerning this station, see Biennial Reports of the State Engineers of
Colorado: Ninth, p. 870; Tenth, p. 308. Also publications U. S. Geological Survey: Nineteenth
Annual Report, Part IV, p 358: Twentieth, Part IV, p. 337; Twenty-first, Part 1V, p. 233; Bulletin
No. 131, p. 37; Water-Supply and Irrigation Papers, No. 16, p. 121; No. 28, pp. 112, 116, and 117; No. 37,
p. 260; No. 39, p. 450; No. 50, p. 326. Also Report on Agriculture by Irrigation, Eleventh Census, by
F. H. Newell, p. 124,
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Estimated monthly discharge of Arkansas River at Nepesia.
[Altitude, 4,364 feet; drainage area, 9,130 square miles.]
Discharge in second-feet. Run-off.
Month. M M : Totalfggt acre- fecond- Deoth
. _ . ot thi
mﬁxni. mgﬁm | Mean. Sffualigr ilexghe;.n
; | mile.
| |
|
1898. N ‘
May ... o 2,055 350 i 1,116 68, 621 0.12 0.14
June .. .......llilllll 3, 665 918 | 2,103 125, 137 .23 .26
JOY «ooooe e 4125 | 136| 1,310 80,549 | .14 .16
August ... ... 697 127 311 19,123 .03 .03
September.............. 294 160 232 13, 805 .03 .03
October ... _......_..._. 511 160 279 17,155 .03 .03
November ... ... .. .... 511 260 366 21,778 .04 .04
................ 817 346,168 | .09 .69
|
1899. |
May.. oceioiiiiiiaan.. 2, 246 259 1 1,164 70, 957 .13 .15
June ... 3,882 | 1,156 | 2,622 156, 020 .29 .32
July ... 6, 066 610 i 2,651 163, 004 .29 .33
August ... ... 6,974 172 957 58, 844 .10 .12
September.............. 285 154, 200 11,901 .02 .02
October ................ 314 172 | 235 14, 450 .03 .03
November.......__..... 2,791 191 ‘ 350 20, 826 .04 .04
................ 1,167 495, 002 .13 1. 00
1900.
May - o 9,600 | 4,246 | 5,876 361, 301 .64 .74
JUNE - 7,782 | 4,064 | 5,498 327,154 .60 .67
July ool Lol 3,700 427 1 1,699 104, 467 .19 .22
August .. .oLoo.o.Lool. 1,519 172 122 25, 948 .05 .06
September....._......_. 427 172 262 15,590 | ~ .03 .03
October ... ....ccoo.... 610 314 435 26, 747 .05 .06
November ...... PO, 792 259 514 30, 585 .06 .07
................ 2,101 891, 792 .23 1.85
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Discharge ineasurements made on Arkansas River at Nepesta.

Date. Hydrographer. h(g?gl?t. c]gifé&
1894. . Feet. See.-ft.
May 31 | F. H. Newell ... ... i eeafmeeeeann @30, 000
June 1 ... QO oo et eaeaeaan 12, 000
June 2 |.__.. 6 U SR SO 8, 000

1897. .
Sept. 8 | P. J. Preston ... .o iiaaeaas 2.00| " 168
Sept. 30 |..... 6 1o 2.34 281
1898.
Apr. 27 | P.J. Preston - ... . ... eieiaaa. 2.55 360
May 6| C.W.Beach. ... .. ... . e aaaan 3.05 746
May 10 [._... 8 P +.25 1,998
June 6| .... [ £ S 3.43 1,060
July 28 |..... QO e e et 3.25 573
Aug. 20 |..... 1 1o 2.85 247
Nov. 6 |..... 8 Lo T 2.93 212
1899.
May 29 | A. L. Fellows. .. ... ..o i aaaiiann 4.6) 1,810
June 7 | C.W.Beach. .. .. .. ... 4.63 1,636
Aug. 3 {..... 4 1o T S 4.0) 610
Aug. 25 ..._. e £ 3.10 215
Oct. 2 1|..... [ 1S Y 3.12 218
1900. .
Apr. 12 | C. W. Beach. .. .. eaaaaas 4.837 1,101
Sept. 8 | ReW. Hawley ..o ... oo i 3.7 146

a Estimated.

ARKANSAS RIVER AT ROCKYFORD.

This station is located at the wagon bridge crossing the Arkansas
River, at a point about 2 miles northeast of the town of Rockyford.
It was established May 3, 1897, by Mr. S. W. Cressy, water commis-
sioner of district No. 17, having his headquarters at Rockyford, for
his convenience and information in distributing the waters of his dis-
trict. Mr. Cressy maintained this station as long as he remained in
charge of the office to April 7, 1900. The river is straight for a long .
distance above and below the bridge, hut the channel is wide and the
bed is sandy and very shifting, so that few measurements were made.
Results must be considered as approximate.®

aFor more detailed information concerning this station, see Biennial Reports of the State Engineers
of Colorado: Ninth, p. 374; Tenth, p. 310. Publications U. 8. Geological Survey: Nineteenth Annual
Reports, Part IV, p. 353; Twentieth, Part IV, p. 838; Twenty-first, Part IV, p. 234; Water-Supply and
Irrigation Papers, No. 16, p. 122; No, 28, pp. 112, 116, and 117; No. 37, p. 261; No. 39, p. 450; No. 50, p.
827. Also Report on Agriculture by Irrigation, Eleventh Census, by F. H. Newell, p. 124,

For description of Laguna Canal, 1n this district, see Twentieth Annual Report, Part IV, p. 339.
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Estimated monthly discharge of Arkansas River at Rockyford.
[Altitude, 4,177 feet; drainage area, 11,440 square miles.]

Discharge in second-feet. Run-off.
Month. . n ’I‘uta}eigt.acre- Sacond- .
i | mam, | Mean. e | e
mile.
1897.
May 3to31.........._. 3, 363 64| 1,147 70,527 | 0.100 , 0.120
June ... 3, 206 628 | 1,834 109,130 | . 160 .180
July ....... . 2,034 41 589 32,216 | .052 . 060
August . ........._...... 3,676 20 614 | 37,754 | .05+ . 062
September. . ... .._.... 108 13 41 2,440 | . 004 . 004
October ... ........ 393 27 143 8, 793 .013 .015
November ......_........ 550 41 155 ; 9,223 ‘ . 014 . 016
Decembere _ ... .. | |e....... 50 3,074 i‘ L044 . 051
1898. |
January .. ... _o...e. ool arth 4,612 | .007 . 008
February 20 to 28 _...... 193 34 75 4,165 |, .01 .01
March. . _.....__........ 393 129 254 15,618 | .02 .03
April. ... oLl 550 64 213 12,674 .02 .02
MEY -, 3,832 108 | 1,206 74,155 | .12 .13
June ... 3, 284 315 | 2,047 121,805 | .18 .20
July oo 3,754 193 | 1,249 76,799 | .11 | .13
August ... ... 706 108 269 16, 540 .02 .03
September_..___.._ ..., 393 64 157 9, 342 .01 .02
October _............... 550 84 246 15,126 | .02 .03
November . ............ - 8| 530 31,587 | .05 | .05
December _..._......._. " 393 84 228 14,020 | .02 .02
The year ._._..... | 3,832 34 546 396,393 | .04 .68
1899. ‘
March 13 to 31.._....._.. 570 140 309 19, 000 . 027 . 031
April.....o. oL 520 140 274 16,304 | . 024 . 027
May .o, 1,270 140 732 45,009 | .064 . 074
June ._................ 2,710 | 770 | 1,498 89,137 | .131 . 146
July oo 3,020 ) 270 | 1,504 2,478 |  .131 . 150
August ..o, 3,570 | 105 686 42,181 | .060 . 069
September.............. 20 95 153 9,104 | .013 | .0L4
October ......ooeee ... 300 55| 145 8,016 | .013| .015
November..__..._._.._. 1,070 105 280 16, 661 . 024 . 027
December 1 to9.._..._.. 190 115 |- 148 9,100 L0138 .015
1900.
January 16 t0 81 ... 470 190| 319 19,061 | .027| .03
February, 13 days....... 470 | 270 410 22,770 . 036 . 037
March.......ocooooo.... 450 i 190 324 | 19,922 | 028 .032
April 1to 7. . ... ..... 3,120 360 | 1,283 76,344 | 112 .125

a Approximate.
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Discharge measurements made on Arkansas River at Rockyford.

Date. Hydrographer., hg?ggft. chgirsée.
1897. Feet. Sec.-feet.
Sept. 29 | P. J. Preston ...o..oiieivoooo i .. 0.37 140
1898.
Apr. 17 | P. J. Preston ... . .90 237
May 27| C. W.Beach... ... . ... .. 1.8% 1,692
1899. .
May 30| A. L. Fellows. ..o i 1.8% 1,042
Oct. 16 |..... do.......... it .8% 136

ARKANSAS RIVER AT PROWERS.

This station is located at the dam constructed across the Arkansas
River at the headgate of the Colorado and Kansas canal, this point
being selected in September, 1899, in the hope that the channel might
prove permanent, but no records were kept until the spring of 1900.
The rating curve obtained at this point from gagings made thus far
gives excellent results within the limits of the measurements. There
being no bridge at the station, measurements can be made only at the
lower stages of the river. The station is of partic.ulai' importance,
owing to the fact that it is located near the head of irrigation district
No. 67, and may therefore be used in the regulation of the use of the
waters of the Arkansas in that district.®

Estimated monthly discharge of Arkansas River at Prowers.

[Altitude, 3,677 feet; drainage area, 19,000 square miles.]

Discharge in second-feet. Pun-off,
Month. . . . Total In acre- | gooon1. .
mom | i, | Mean Pt sty
mile,

1900.
April15t030........... 7,140 | 1,060 | 2,940 174,942 | 0.1E5 0.173
May.eoee e eeeicaaaaaaan 5,860 | 2,660 | 3,398 208, 935 178 .238
June ...... ... ... ... 4,900 742 | 2,617 155, 722 .158 2154
July ceeeoiii 1,700 2 161 9,990 . 008 . 009
August .. ... .. ....... 445 0 45 2,767 . 002 . 002
Septemberd . .____.____. 30 0 6 357 . 000 .000
October .. ___.......__.|. ] P 6 369 . 000 . 000
Novemberd. ... ....... 16 4 8 476 .0C0 . 000
December ._.._......... ) 41 4 18 1,107 . 001 .001

aFor more detailed information regarding this station, see Tenth Biennial Report of the State
Engineers of Colorado, p. 812; Water-Supply and Irrigation Papers, U. 8. Geological 8irvey, No. 37,
p. 268, and No. 50, p. 328; also Report on Agriculture by Irrigation, Eleventh Census, by F. H, Newell,
p. 126.

bEstimated,
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Discharge measurements made on Arkansas River at Prowers.

Date. Hydrographer. | hG(;iaggk?t. clgirsg- e
1899. Feet. Sec.-ft.
Sept. 8 | A. L. Fellows _. . i iiiiiiciaaanas 0.20 16

1900.
July 5| C.W.Beach.. ... . . i iiiiiaaeaa. . 60 304
July 19 | A L. Felows ... i e e .38 113
July 28 | C.W.Beach _ ... .. . iiiiiiiiiieaes | e 546

ARKANSAS RIVER NEAR LAMAR.

The greater proportion of the records of this locality are those kept
by the Amity Canal Company, their headgate being at a point 7 miles
west of Lamar, on the north side of the river, the herdgate keeper
making a daily record of the discharge both in the river and the canal.
(See PL. IX.) There is a dam across the river at this point for the
diversion of water into the Amity canal, but owing to tl'e unevenness
of its crest, to the fact that timbers and driftwood lodg> upon it, and
to other causes, the results are not entirely reliable. IFew measure-
ments have been made except in the canal. For a short time in the
year 1899 estimates were made at the wagon bridge north of Lamar
by the. water commissioner of district No. 67. These are of interest
as giving approximately an idea of the flow of the water for the time
covered, and are therefore presented in a separate table.

The principal value of hydrographic data at this point is with ref-
erence to the storage of water in reservoirs, of which those of the
Great Plains Water Company, described in the Twenty-first Annual
Report, Part 1V, p. 240, are located, 12 miles north of the town of
Lamar.®

aFor further information concerning this station, see Biennial Reports of the State Engineers
of Colorado; Ninth, p. 379; Tenth, p.314. Also publications United States Geologicel Survey: Eleventh
Annual Report, Part II, pp. 49 and 51; Twentieth, Part IV, pp. 824 and 840; Water-Supply and Irri-
gation Papers, No. 28, p.114; No.387, p.263; No. 50, p.329. Also Report on Agriculture by Irrigation,
Eleventh Census, by F. H, Newell, p. 126.
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Discharge of Arkansas River neur Lamar.

[Altitude, 3,592 feet.]

ISION.
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AT HEAD OF AMITY CANAL, AS FURNISHED BY E. R. BANNISTER, HEADGATY KEEPER.

1898. ) 1899. 1900,
Month.
Second-feet.| Acre-feet. |Second-feet.| Acre-feet. |Second-feet.| Acre-feet.
January - ..o fee e 239 14,696
February ... oo oo icin el 280 11, 552
March. o 170 10, 453
April. e e 2,973 176, 906
U € 'SR RN FUD PO ISP 4, 469 274,788
June - e 655 38,975 3,290 195, 769
July e 1,870 | 114,982 280 17,217
August ... ..... 211 12,974 834 54, 355 89 5,472
September....... 23 1, 369 74 4,403 22 1, 309
October _........ 54 3,320 87 5,349 20 1,230
November ....... 265 15, 769 249 14,817 109 6, 486
December ....... 248 15, 249 131 8,055 @150 9,223

a Approximate.

AT LAMAR BRIDGE,e¢ ESTIMATED BY J. B. TRAXLER, WATER COMMISSIONER, DIS-

TRICT NO. 67.

1899.
Day. 7
March. April. | May.
Sec.-ft. Sec.-ft. Sec.-ft.

| 3, 000 40 12

R 4, 000 40 12

S 4, 000 35 12

K 2, 500 35 12

S 2, 000 30 12

i J 1,500 25 12

S 1,200 25 12

- J 1, 000 25 12

T | 800 20 12
10 e e ‘ 800 15 12
L 1 | 1,500 16 12
12 e o 1,500 16 12
3 S \ 1, 200 15 12
T e .. ‘ 1,000 18 14
31 T 1,000 20 15%
3 R 1,000 15 5
17 e e e e e e 1, 000 15 5
U 800 15 5
10 e ! 100 15 . 5

aTotal amount of water in district March 13, 250 second-feet; April 3, 225 second-feet; April 16, 175
second-feet; April 25, 120 second-feet; April 30, 75-second-feet; May 5, 180 second-feet; May 10, 100 sec-
ond-feet; May 13, 200 second-feet; May 14, 150 second-feet; May 16, 230 second-feet; May 18 325 second-

feet; May 20, 308 second-feet.
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Discharge of Arkansas River near Lamar—Continued.

AT LAMAR BRIDGE, ESTIMATED BY J. B. TRAXLER, WATER COMMISSIONER, DIS-
VTRICT NO. 67—Cor.tinued.

1899.
Day.
Mareh. April. May.
See.-ft. Sec.-ft. See. ft.
) 300 15 5
22 I 300 15 oo
e 200 15 oo
122 R ‘ 150 15 |ooo....
2 N | 100 15 | oooaee
3 R 75 15 |oeeaaaes
N 50 15 oo
b e eeeaeaaas 40 12 ...
2 e 35 12 |o....
22 N 35 12 [oo...
B0 e eeeaeeeeeaaaan 35 ) 27 PO
3 U L1 O P,
Discharge measwrements made on Arkansas River al Lamar.

Date. Hydrographer. . Discharge. : Remarks,

1889. | seet. |
May 26 | F.H.Newell ._.___.. . .. __..._.._...... 300 | At Lamar.
July 19 |.___. R " 15,000 Do.
July 22 |..... dO e L - 851 Do.
Aug. 3 .-... do o iiiial.. | 284 Do.
Aug. 7 |..... Ao ool 187 Do.

1899.
May 31 | A.L.Fellows - .. ..o o . ... ..... 249 | At Amity canal.
June 18 [._... 6 L 114 Do.

1900. B
Apr. 7 |..... do ol 8,890 | At Lamar.

PURGATORY RIVER AT TRINIDAD.

This station was located May 1, 1896, in the town of Trinidad, the
gage rod being attached to the cylindrical pier at the west end of the
Las Animas Street bridge. The station was, however, discontinued
July 31,1899, the greater portion of the water of the river being taken
out at points above the station, and the channel being sl ifting and the
results unreliable, A more favorable location would be at a point
about 9 miles above the town, near the mouth of the canyon, and above
where the most of the water is taken out for irrigation. A station at
this point would also bave the added advantage that it would furnish
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data eoncerning the flow that might be used for storage, as there are
important reservoir sites situated above this point.®

Fstimated monthly discharge of Purgatory River at Trinidad.
< [Altitude, 5,990 feet; drainage area, 742 square miles.]

Discharge it second-feet. Frin-off.
Month. . . Totalfeigt.a ¢ | Second- .
mom. | mm, | Mean. e | e
mile.
1896. ‘
MBY et 113 15 67 4,120 0.09 0.10
June _......o........... 780 0 60 3,570 .08 .09
JUW e 4,600 | 8 342 21, 029 .48 .53
Augustee. oo 1,657 ' 0 76 4,673 .10 .12
September. .. _.......... 554 0 73 4,344 .10 1
October .........coaeen. 189 18 71 4,366 .10 .12
November.............. 60 25 35 2,083 .05 .06
December .. ... _.._._ A S PO b40 2, 460 .05 .06
1897.
Januvary . ... oo li.... b40 2, 459 .05 .06
February .....ooooooooo oo .. b50 2,777 .07 .07
March. . .....oooooooonioo »50 3,074 .07 .08
April. ... ..., 327 68 165 9,818 .22 24
May -cociiiiiaieaae 1,412 327 731 44,947 .99 1.14
June ...oooiiiiiania.. 1,534 189 403 23,980 .54 .80
Jaly cooeeii o 1,657 ' 30 250 15, 372 .34 .39
August ... ... 2,023 10 282 17,339 .3° .44
September...._......... 383 30 97 5,772 .13 .14
October -.._....__...... 104 54 60 3,689 .0° .09
November ........_...... 54 30 12 2,499 .0 .07
December ... ... s deoii... b 35 2,152 .05 .06
1898.
L 1 882 109 264 16, 233 T.36 4
June................... 1,282 109 377 24, 433 .51 .B7
July .o .... 1,147 81 259 15,925 .35 . 40
August .. ... ... 752 42 181 11,129 .24 .28
Septeraber. ... ......... 1,282 | - 42 173 10, 294 .23 .26
October .............._. 58 31 39 2,398 .07 .06
November _ ... ... .. ._.. 42 36 39 2,321 N 06
1899.
Aprilo ... 193 32 82 4, 879 .11 .12
MAY o ooeeeeaeeaeen . 230 52 110 6, 764 .15 .17
“June ...l 492 1 71 4,225 .10 L1
July ... ... 2,362 16 443 27, 239 .69 .69

aFor more detailed information concerning this station, see Biennial Reports of the State Engi-
neer of Colorado: Eighth, p. 460; Ninth, p. 381; Tenth, p. 319. Also publications U. 8. Geological
Survey: Eighteenth Annual Report, Part IV, p. 231; Nineteenth, Part IV, p. 368; Twent'eth, Part IV,
p. 310; Twenty-first, Part IV, p. 235; Water-Supply and Irrigation Papers, No. 16, p. 123; No. 28, pp.
113, 116, and 117; No. 37, p. 263; No. 89, p. 450. Also, Report on Agriculture by Irrigati~n, Eleventh
Census, by F. H. Newell, p. 119,

bEstimated.

IRR T4+—02 —T
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Discharge measurements made on Purgalory River at Trinidad.

" 1895. Feet. Sec.ft.
Sept. 24 | A. P. Davis_ o .. il 86
1896.
Apr. 27 | F. Cogswell. ... il 3.20 88
June 4 |..... 1 1 3.15 72
July 11| ... 1 1o N 3.20 66
Sept. 14 |..... QO oo e iiceaaaat 3.50 30
Oct. 12 |..._. 6 1 T 3.70 48
Nov. 16 | C.C.Babb ...t iiaaaaans 3.60 24
1897.
May 22 | F.Cogswell .. ... . .. i iiiiiiiaa 1.25 677
June 17 |..... 15 1 } 4.10 386
July 156 |..... 6 1 | 3.9 189
Sept. 23 | P.J. Preston .. oo | 3.60 49
Nov. 13 | F.Cogswell .. ..o i ‘ 3.55 46
|
1898. | ) ‘
Apr. 28 | A L. Fellows .............ooooiooiiiioii o 8.90 150
July 27 ... 6 Z ! 3.90 149
Aug. 29 '..__. & R ‘ 3.60 45
Aug. 6| C.W.Beach ................o.o.o.. ' 3.76 101
Oct. 28 | AL Fellows ... , 3.40 31
1899, :
Apr. 28 |..... 1 L Z 3. 60 52
July 12|..... (N ' 3.30 4

MISCELLANEOUS (tAGINGS.

A number of miscellaneous gagings have been made at different
times at different points vpon the Arkansas and its tributaries, which
have been compiled, so far as they are obtainable, from the various
sources already cited, and are presented in the following table. Sta-
tions have not been maintained at the points mentioned, or if main-
tained at all have been irregularly kept, and the records have been
so unsatisfactory that it is thought best not to publish the gage heights
or to approximate the discharge, the data necessary for computing the
rating tables being insuflicient.
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Miscellaneous discharge measurements, Arkansas River and tributaries
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Date. i‘ Hydrographer. Stream. Locality. Discharge.
Sec.-ft.
Sept. 26,1893 | F. H. Newell..._. Arkansas . ..... Byron............. 0
Sept. 24,1894 | A. P. Davis...___|._... do........ Hayden . .......... 114
Sept. 29,1897 | P. J. Preston ... ..... do coeoo-. Manzanola ........ 208
May 18,1898 | C. W. Beach._.._.|..... do ... ... do o..o.o.i.. 847
June 13,1898 \._._..do _......... Purgatory -.... J.J.ranch ... ... 37
Aug. 5,1808 |.. ... s 1o R B do —...ooifeaa.. do eaeaae 60
Sept. 15,1898 |..... do .......... Arkansas .._... Manzanola -....... 208
Discharge measurements made on Arkansas River at La Junta.

Date. Hydrographer. Discharge.
1893. Sec.ft.
Sept. 271 F. H. Newell .o et caccaaaan 24

1894.
May 21 | F. H. Newell o o i iiiiicciaans 157
June 7 |..._. & 16T 15, 000
June 8 |..... & T J 9, 500
Ot B |e e acdO oo e e 55
1895.
Feb. 6| F. H. Newell - e iiiiiaaaaaas 182
May 19 |.__.. % L S 658
Dec. 2 |..... 6 1 455
1897.
Sept. 12 | P.J. Preston. .ot ciaieaaceaaaaaaan 0
1899.
May 30 | A. L. Fellows ... e acaaeaaaa 246
June 13 |..... 6 oS 857
June 20 |..... 6 S 1,181
Discharge of Arkansas River at La Junta.
[Drainage area, 12,200 square miles,]
Discharge. Run-off.
1 Total for -
Month. | Second-
Maxi- ini- month. | feef Depth i
mum. 1}1{:11;1 Mean. :;us})rir iriohes,
mile.
1889. Sec.oft. | Secoft. | Secofi. Sec.+fL.
May 20to31................ 1, 960 605 | 1,089 | 66,973 0.09 0.10
June ... ... 2, 620 825 | 1,355 | 80,622 11 .12
July .o lll. 2,290 345 844 | 51,906 .07 .08
August .. ... ... ... 1, 630 55 4351 26,752 .04 .04
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SEEPAGE MEASUREMENTS ON ARKANSAS RIVIR.

A series of seepage measurements have been made upon Arkansas
River for the purpose of determining the return flow. These have
been carried on under the direction of Prof. L. G. Carpenter, of Fort
Collins, who has published a bulletin upon the subject.

The table below is compiled from data given in the 1'inth Biennial
Report, page 308, of the State engineer’s office of Colorado, as fur-
nished by Professor Carpenter:

Seeprge measurements of Arkansas River.

[In second-feet.]

‘ 1897, 1898.
Place. ?ﬁﬁ;?f’
Gain. Loss, Gain, Loss,

Canyon to Bessemer ditch ... ... 33| 5440 __....... 55,17 l....._.
Bessemer to Pueblo .. ... ... ..._. 10 {o....... 42,18 |........ 15. 96
Pueblo to Orchard Grove.............. - 9.40 | 19.41 |.......
Orchard Grove to Boone. ... ... _..._. 16 | 103.47 |....._.. 20.30 .......
Boone to Nepesta ... ..._...._..... 10] 40.44 (... ceeeno-o| 17.65
Nepesta toOtero canal. .. ......... ... 8 |eeeennn 5.78 |.o..... 11. 00
Otero canal to Apishapa Creek ..._..... 71 16.90 [........ 18.15 | -nen-
Apishapa Creek to Rockyford.......... \ 163 30.55 ........ 21.21 |.......
Rockyford to Fort Lyon canal ......... 1 9l 3550 |....._.. 22,39 | ...
Fort Lyon canal to La Junta ........... 3 13.04 ..__.... 8.20 [..an.-.
La Junta to Jones ditch....__...__._..._. 11| 10.85 |........ 14.76 o ...
Jones ditch to Lag Animas . ......._.... 9l 2851 _....... 20.08 |- --.--.
Las Animas to Fort Lyon.............. 6] 3814 .._..... 18.26 |- .. ...
Fort Lyon to Caddoa . ... e J 1 3.63 ... oot .16
Caddoa to Amity canal .. _..._.._..__.. ‘ (0 U PR FH 6. 64
Amity toLamar. ... ... ... ... ) P D 6.68 |.-.-...
Tamar to Holly . ... ... ... ... 30 13.21 i........ 14.20 ...
Holly to Coolidge, Kans.._............. /A IR R, (U A,

Total. oo 215 | 387.43 | 57.36 | 243.81 | 51.41
Unreliable . ..o e, 57.36 |........ 51.41 |.......

(2511 1 SRR DO 330.07 |........ 192.40 |.......

NoreE.—Counting the unreliable measurement to gain as in 1898, the gain in 1897 would be 250
secoud-feet.

-
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RIO GRANDE DIVISION.

DRAINAGE.

Descriptions of the Rio Grande drainage have been given in former
reports, but a short résumé is here presented for the convenience of
those who do not care to look up the former records.®

The Rio Grande and its tributaries drain the mountainous area
south and east of the Continental Divide in southwestern Colorado,
the principal streams flowing from the east side of the Needle Moun-
tains and from the south and east side of the San Juan Range. Impor-
tant streams also flow from La Garita Mountains.in Saguache and
Mineral counties: The main stream flows in an easterly dire~tion for
about 75 miles, receiving numerous tributaries from the movntainous
region through which it flows. At the town 6f Del Norte the valley
broadens into what is known as the San Luis Valley; thence the stream
flows southeastward and southward for about the same distance to a
point about 20 miles southeast of Antonito, where it crosses the State
line. From the time the river leaves Del Norte but few streams of
importance flow into it, as nearly all of those that issue from the
mountains lose their waters in"the plains before they reach the main
.btream. This is particularly true of the drainage north and east of
the river from the Cochetopa Hills and the Sangre de Cristo Range.
Although the streams flowing from these mountains are ver” numer-
ous and carry large volumes of water, yet they furnish no source of
supply to the Rio Grande itself, all the water being lost either in the
sands or in broad, shallow lakes, until Trinchera Creek, lowing through
the Costilla land grant, is reached. This stream, although usually dry,
furnishes a supply at different times in the year. On the south and
west side of the river, however, many important streams flow from
the mountains, which in their higher stages carry large volumes of
water to the Rio Grande. Among these are the Alamosa, La Jara,
and Conejos. The supply from these streams also is used mostly dur-
ing summer, so that after the flood stages are past very lit‘le water
flows from any of these sources into the Rio Grande itself, as most of
it is used in the upper part of the valley, and in-the late summer very
little passes Alamosa, below which place there are but few irrigating
canals. During the flood stagés, however, great volumes of water

a Hayden’s Report of 1875, pp. 153 to 167. Publications U. 8. Geological Survey: Tenth Annual
Report, Part 1T, p. 65; Eleventh, Part IT (see index); Twelfth, Part II, p. 240; Thirteenth, Part ITT (see
index); Fourteenth, Part II, p. 110; Eighteenth, Part IV, p. 245; Nineteenth, Part IV, . 381; Twen-
tieth, Part IV, p. 856. Bulleting No. 131, p. 41; No. 140, p. 169; Water-Supply and Irrigation Paper
No..87. See also all Biennial Reports of the State Engineers of Colorado for irrigation in thisdivision,
and Report on Agriculture by Irrigation, Eleventh Census, by . H. Newell, p. 127. For maps see
Pl I of Part II of the fourth and seventh and PL. V of the fifth report. 3ee also Senate Document
No. 229, Fifty-fifth Congress, second session, on the *Equitable distribution of the waters of the Rio
Grande.”
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flow in the Rio Grande itself and several of its tributaries which
might be stored and used for the extension of the irrigated area.
Farming is carried on extensively among the upper valleys of several
of the streams issuing from the mountains north and east of San Luis
Valley, but no official measurements have been made upon any of
these streams.

On the headwaters of nearly all of the tributaries of the Rio Grande,
as well as on the main stream itself, are important reservoir sites,
which might be utilized to store water for late use, s as to render
crop raising more certain than it is now. Unfortunately, owing to
international complications, it has been impossible in the past to make
use of these sites, but it is hoped that this restriction will soon be
removed, as it is clearly to the advantage of the agricultural interests
as a whole that the water should be used to as great an extent as pos-
sible along the upper portion of the streams.

The lands drained by the Rio Grande and its tributaries constitute
irrigation division No. III. The various districts into which it is
divided are No. 20, comprising the Rio Grande drainage, excepting
those streams included in separate districts, which are No. 21, cov-
ering Alamosa and. La Jara creeks with their tribut-ries; No. 22,
Conejos Creek; No. 24, Costilla Creek; No. 25, San Luis Creek; No.
26, Saguache Creek; No. 27, Tuttle, Carnero, La Garita. and all other
creeks and their tributaries which have their sources of water supply
in the La Garita Mountains and flow eastward into the San Luis
Valley; and No. 85, Trinchera Creek.

There are many problems of interest connected with the use of
water in the San Luis Valley, among which is the study of loss by
evaporation and seepage. Investigation is being carried on in this
line by Prof. L. G. Carpenter, already mentioned, of the Colorado
State Agricultural College.

STREAM MEASUREMENTS.

Although hydrographic data are most desirable in this valley, but
little hydrographic work has been done, owing to the scarcity of
funds, both in the office of the State engineer and the United States
Geological Survey, so that only three stations have been maintained for
any considerable length of time, and of these only one, the station at
Del Norte, has been maintained for a length of time sufficient to fur-
nish anything like accurate information concerning the normal flow.
The two that have been kept up for shorter periods are a station near
the State line, upon the main Rio Grande, and one upon the Conejos,
about 10 miles west of the town of Antonito, on the D>nver and Rio
Grande Railroad.
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RIO GRANDE AT DEL NORTE.

This station is located about 3 miles west of the town of D-l Norte,
above the main canals taking water from the Rio Grande. Records
have been kept since the fall of the year 1889 for very nearly the
entire time. A steel cable is stretched across the river at this point
and the gagings are made by means of a car traveling on the cable,
distances being marked on a tag wire, and, at low water, by wading.
The channel consists of small bowlders and gravel, and although the
sides are not high, the stream has never been known to overflow at
this point. The conditions are excellent for good results, £s the bed
of the stream scours but little, although the fall is comparatively
rapid. The station is of great value, as the distribution of water
among the numerous consumers is made to depend very largely upon
the data obtained as shown on the gage rod. Information is also
furnished concerning the supply available for storage in reservoir
sites above.

The citizens of San Luis Valley seem to appreciate fully the advan-
tage of this station and have frequently expressed themselves as desir-
ing to see this service extended.®

aFor detailed information coneerning this station, see Biennial Reports of the Stat> Engineers of
Colorado: Fifth, Part I, pp. 21 and 40; and Part II, Pl. V; Sixth, p. 38; Seventh, p. 170; Eighth,
p. 488; Ninth, p. 385; Tenth, p. 321. Also publications U. 8. Geological Survey, Eleventh Annual
. Report, Part II, pp. 53 and 98; Twelfth, Part II, p. 246; Thirteenth, Part III, p. 99; Fourteenth, Part IT,
p. 110; Eighteenth, Part IV, p. 246; Nineteenth, p. 383; Twentieth, p. 359; Twenty-first, Part IV, p, 256;
Bulletins No. 131, p. 41; Nos. 140 to 170; Water-Supply and Irrigation Papers, No. 11, p. 64; No. 16, p. 127
No. 28, pp. 126, 129, and 130; No. 87, p. 277; No. 39, p. 450; No. 50, p. 347. Also Report on Agriculture by
Irrigation, Eleventh Census, by F. H. Newell, pp. 113,127
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Mazimum and minimum discharge and average run-off of Rio Grande at Dl Norte for
that portion of each year covered by records.

Discharge. Run-off.a

Year. Minimum. Maximum. Second-

Depth in | feet per

inches, square

Date. Amount. Date. Amount. mile,
See.-ft. ' See.ft.

1890 . ... Oct. 2 307 | Apr. 27 5,930 12.06 0.89
1891 . ... Sept. 19 290 | May 7 5, 650 13. 56 1.00
1892, ... Sept. 26 243 | May 24 4,710 7.92 .58
1893. oo Nov. 8 214 | May 19 3,320'1  6.93 .51
1894, ... Nov. 27| 201 | May 17 2,850 | 6.20 .46
1895. . il Nov. 2 322 | June 12 3,840 10.14 .75
1896. ... . . ...... Aug. 21 214 | May 3 3,579 8. 58 .63
1897 ... Sept. 1 342 | May 27 5,234 13. 05 .96
1898, . il... Nov. 9 221 | June 3 5,266 14.06 1. 08
1899, . ... Sept. 13 268 | May 11 2, 330 7.87 .58
1900 ... .. ...... Aug. 31 163 | May 29 5, 454 8.55 .63

@ The run-off, per acre-foot, given is for each entire year, including estimates; the discharge given
is for average months and the totals for an average year, as calculated from all obsevvations and

estimates.

Details may be found in the authorities cited.

Discharge measurements made on Rio Grande at Del Norte.

Date Hydrographer. hgisé%let ) ch]z]}‘sée.
1891. Feet. | Seeft.
Apr. 10 | T.M.Bannon . ..... ... ieeeaamreaa e 2.20 527
1892. B i -
Oct. 27 | T.M.Banmon . . ..ot et e e e e e aaaaan 1.58 274
1894.
June 18 | F.H. Newell. ...l e cammaaaaann 2.68 968
Sept. 27 | A.P. Davis ... meaaaan 1.52 267
1895. .
June 14 | A.P.Davisand F.Cogswell-. ... .. .. ....occeeaeae. 4.00 | 2,818
Oct. 13 | F.Cogswell . .. iiiiiiiiaaao 1. 80 114
1896.
June 22 | F.Cogswell ... .. i 1. 90 492
July 27 |..... 1 o SN 1.70 385
Sept. 28 |..... 3 (o S 2.30 706
Oct. 26 ..... L 1.80 445
1897.
Apr. 26 | F.Cogswell - ... il 3.00 1, 507
May 17 ... s L Y 4. 05 3,014
May 29 |..... [ Lo T 5.45 4, 898
June 28 |.____ [ s N 3.30 1,769 -
July 26 |..... o o P 2.00 640
Aug. 30 i..... 6 (5 YN 1.55 373
Oct. 25 [..... 1 Lo YN 2. 66 1,113
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Discharge measurements made on Rio Grande at Del Norte.—Continued.

Date. Hydrographer. h(g?ggi?t. ch]?zlrsg'e.
1898. Feet, Sec.-ft.
Apr. 14 | A L. Fellows ... .o 8.27 1, 966
May 18 |..... 1 1o J 8.23 1,802
June 23 |..... do ..... e e 5.25 5,181
Aug. 25 |.__.. 6 1 Z 1.86 521
Oct. 25 {..... do 1.48 244

1899. |
Apr. 25 | AL L. Fellows . ... .. . ‘ 2.42 1, 004
May 24 |.._.. 4 2.92 1,480
June 29 |..... 6 1o | 2.10 734
Aug. 21 |..... QO : 1. 58 387
1900. : |
Mar. 30 | A.L.Fellows ... o iiiiiit i iiii e 1.54 346
May 12 |..... 6 1 S 3.84 2,441
June 16 |...._. 6 1o 3. 66 2,382
Aug. 18 |..... i . i 1.84 221

CONEJOS RIVER NEAR LOS MOGOTES;

This stream, the most important tributary of the Rio Grande in
Colorado, rises on the eastern slope of the San Juan Range, which
forms the western houndary of Conejos County. It flows southeast-
ward as far as the town of Conejos; then, bending northeastward,
enters the Rio Grande below the mouth of Trinchera Creek. All of
the ordinary flow of this stream is used during the irrigation season,
but at flood stages and in winter considerable water goes to waste.
The station is located about 10 miles west of Antonito, from which
town it may be reached by driving. The nearest post-office is at Los
Mogotes, about 4+ miles from the station, but the observer was always
accustomed to get his mail at Antonito. It was established August
25, 1899, and was first located at a wagon bridge crossing the river;
but owing to the fact that the rod at that point was maliciously
destroyed, the station was removed to a point about 500 yards down-

. stream, where it was attached to a pier projecting into the river near
a farmhouse. The channel is fairly good, being of gravel and not
particularly liable to either change or overflow. Owing to the removal
of the gage from its old station and to the small number of measure-
ments made, but few data are available.

San Antonio River is an important branch of the Conejos, and a few
measurements were made upon this stream also, these being given in
the list of miscellaneous measurements.®

aTFor more detailed information regarding this station, see Tenth Biennial Report of the State En-
gineer of Colorado, p. 328, and U. 3. Geological SBurvey Water-Supply and Irrigation Papers, No. 87, p. 278,
and No.50,p.348. Also, Report on Agriculture by Irrigation, Eleventh Census, by F. H. Newell, p. 105,
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Discharge measurements made on Conejos River near Los Mogotes

[A. L. Fellows, hydrographer.]

Dis-
Date. h(e;iag et. chaISge.

- 1899. Feet, See.-ft.
August 25 L e ceeeceeaaean 1.¢C9 76
November 28 . . .. .o e 2,20 70

1900. I
March 28 . oo i eeeeaeeacaaanaa- 1.€8 144
DU 12 1 O SOOI 3.10 1,087
JUne 23 . e eimemeeeaeaaan 2.30 467
August 17 L iiiieieaaaaas 1.15 33

RIO GRANDE AT CENICERO.

This station is located a short distance north of the bourdary line
between Colorado and New Mexico, at a point where the river is
crossed by a State wagon bridge. It was established July 28, 1899,
and has been kept up regularly ever since. Two gage rods are neces-
sary, one for high and the other for low-water.,, The channel is'excel-
lent, the hed consisting of bowlders and rock and being subject to but
little change, and the banks are high and not liable to overflow. At
high water gagings may be made from the bridge, but at low water
they are usually made by wading. The station is an important one,
as it gives information concerning the entire drainage of the Rio
Grande in Colorado and the discharge of the river practically where it
enters New Mexico, this information being of value to both Colorado
and New Mexico and furnishing important data bearing upon storage
and the use of water. The nearest railroad point is Antonito, from
which the station may be reached by driving about-15 miles. The
nearest post-office is at Eastdale, but the observer has be»n in the
habit of getting his mail at Cenicero, which is on the road between
Antonito and the gaging station; about 4 miles from the former.®

aFor more detailed information concerning this station, see Tenth Biennial Repo-t of the State
Engineer of Colorado, p. 326; U. 3. Geological Survey Water-Supply and Irrigation Fapers, No. 37,
p. 279; No. 39, p. 450, and No. 50, p. 349.
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Estimated monthly discharge of Rio Grande at Cenicero.
[Drainage area, 7,695 square miles.]
Discharge in second-feet. Run-off.
Month. Tota%ei;:; acre- | gecond-
Maxi- Mini- Mean g feet per | Depth in
mum. mum. . syuare inches.
mile.
1899.
July. .. o.l... 170 12 42 2,582 | 0.005 0. 006
August ... .o .. 129 20 53 3,259 . 007 . 008
September .. ... .. ..... 423 | 31 102 6, 069 .013 .015
October ... ... ......._. 170 65 117 7,194 .015 . 017
November .............. 297 170 259 15, 412 . 034 . 038
December ... ._....... 381 170 318 19, 553 . 041 . 047
Last 6 months of ‘
the year........ 423 12 148 54, 069 . 019 .131
1900.
January ............. .. 1,134 594 638 39, 229 . 083 . 095
February .......__...... 1,134 22 759 42,153 . 099 .103
March. .. ... ........... 1,134 236 583 35, 847 ,076 . 087
April ..o ool 504 183 350 20, 826 045 . 050
May. . ccmeeieialn 3,294 414 | 1,430 87,927 .186 . 214
June ... ... .. ... 3,294 79 | 1,424 84,734 .185 . 206
July.. ool 58 22 29 1,783 . 004 . 004
August ..o ... 22 16 22 1,353 . 003 . 003
September .. ... _...... 43 16 31 1, 845 . 004 . 004
October ... ... .... 58 31 31 2,275 . 005 . 006
November ... .. ........ 504 58 155 9, 223 . 020 . 022
December ... .._.._._.. 594 414 571 35,109 .074 . 085
The year __.._.... 3,294 16 502 362, 304 . 065 . 879
o |
Discharge measurements made on Rio Grande at Cenicer.
[A. L. Fellows, hydmgrap}ler.]
Date. h%?glft. |Discharge
1899. Feet. See.-ft.
JUNE 28 e e em————————a 0. 90 20
August 24 e 1. 00 31
November 28 .. e 1.80 297
1900.
March 29. .. .. i iiiieeeeieaans 1.60 236
May 10. e e 2. 00 594
JUne 22 e meem————————- 1. 80 420
August 16 . e .75 18
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MISCELLANEOUS MEASUREMENTS.

A table is given below of the miscellaneous measurements of which
records are obtainable that have heen made in the Rio Grande drainage
basin in Colorado. These are of importance, as they furnish informa-
tion concerning the flow of the various streams at stated times and
given points.

Miscellaneous discharge measurements on Rio Grande and tributaries.

Discharge

Date. Hydrographer. Stream, Locality. in ?gggnd-
Sept. 28,1894 | A.P.Davis ...... Rio Grande-..... Alamosa......... 10
June 16,1895 | F.Cogswell ... |..... 1 Vo Y S do . ......... 1,176
Oct. 14,7895 |..... s [ Y U 15 1 Y S s (I 92
May 19,1896 |..... (s (- SN ISP s (0 J P do . eeoaa.. 132
June 23,1896 |..... do ceooiifailt 5 L TN [« (R 32
June 24,1896 | F. F. Anderson...| Conejos ......... Los Mogotes ..... 67
July 26,1896 | F.Cogswell ....._|..... 6 (0 N AN 3
Aug. 20,1899 | A.L. Fellows ....[..... do ool 6 miles below 17

: Alamosa.
Aug. 23,1899 |..... s (o R B Ao ... 4 mile above Ala- 10
mosa.

May 11,1900 |..... do ... San Antonio..... Antonito ........ 478
June 22,1900 |..... [ ' Y U 15 ¥ Y S & ¥ S, 4

SEEPAGE MEASUREM'ENTS.

The seepage measurements given below were made under the direc-
tion of Prof. L. G. Carpenter, of Fort Collins, and were fur-ished by
him to the State engineer of Colorado. The table is from the Tenth
Biennial Report, pages 219 and 221. Professor Carpenter expects to
publish a bulletin on these measurements shortly.
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Seepage measurements on Rio Grande, 1900.
[In second-feet.]
Place of measurement. Date. ?ﬁ%‘gow? Oslfftgﬁg_ River. i:é%f(i}i " Ocrlg‘%g
Railroad station at South
Fork ... ... .......... ! Aug. 30 0.85 | 33.41 | 194.24 | foo.o....
United States Geological |
Survey gaging station ...| Aug. 31 ... _...... 209. 83 48.15 48.15
Do Aug. 20 |......_. 1 146.61 | 249.06 |- ... .. |-.......
Above Del Norte canal .__..._. [ 16 J A PO 176. 50 25. 95 22.20
DO "Aug. 21 ... 3211 [ 178.90 |- ..o foeeen..
AtOff's ... ... .. ... do ..o 168.48  21.69 43.89
D S ‘ Aug. 22 ... .:. 47.19 1 156.22 ... ... |..oo.-.
Below Prairie canal ....... -..do ... B 5 N PO 99.29 | -10.05 | _ 33.84
DO, Aug. 23| 4.33| 96 108.91 | oo oo
Below Monte Vista bridge -|-...do ... |-c.oo... 14 —3. 24 30. 60
DO Ang. 24 ... 30.29 | 14.30 |.........|........
Betow San Luis canal. ... ce..dooolb 521 1424 5.90 21.89 52.49
Below  Hickory-Jackson '
ditch. ... ... ...... RPN Vs R P, 10. 65 13.98 66. 47
DO o, Aug. 25 ......_. 10,69 | 11.55 |oeeofiaaana..
Below Alamosa . .._....... S S SO 1 14| 66.61
DO Aug. 27 |, 1,01 |oeeaaeai oot
Above mouth of Conejos ‘
River ... ... ... ...do -. 14.33 | ..., 1.35 24 66. 85
Below Conejos (North
Branch) ................ ceedo .. 6,90 |._....... 15.33 —. 35 66. 50
Below Las Sauces ......... PR’ I T R PO, 23.98 1.75 68. 25
Dol Aug. 28 | ..ol 22831 |ceecaaaifeaaaaas
Above State bridge...._... ceendo | 17.22 | —5.09 63. 16
Seepage measurements on Conegjos River, 1900.
[In second-feet.]
At State gaging station _...| Aug. 31 |- ___.|........ 2465 |-
Above San Juan bridge....|....do -..|[........ 1.97 | 2477 2.09 |........
Atbridge. ... ... ........ U I T PO 2.15 .50 | —22.12 | —20.03
Above Cerritos.......__.._._ Aug. 30 0.77 |........ .80 .30 | —19.73
Below San Antonio Creek _|....do .... ...... 3.32 .55 | —1.02 | —20.75
At McIntire place......... BRPRRY' ' SO DRI OIS, 3.88 6.65 | —14.10
Do Aug. 29 |........ 24 [ 2+ 3 I S,
Below Mclntire spring ....l....do -..|........ 14.19 | 31.33 3 —11.10
Two hundred feet above
bridge............o..... PP ¢ 'c TR DR SRS, 24,02 6.88 | —4.22
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SAN JUAN DIVISION.
IRRIGATION.

San Juan River rises in the San Juan Mountains, the small streams
at the head flowing westward, opposite to the direction taken by the
branches of the Conejos. The country is generally mountainous and
rough, and but little irrigation is practiced along the stream, except
in the bottom lands adjacent to the channel. The stream flows but
.a short distance through Colorado hefore entering New Mexico,
through which it flows for about 100 miles, then crosses the southwest
corner of Colorado again, and flows thence through Utah to its junc-
tion with the Colorado at Henry Mountain. The principal tributaries
flowing from Colorado into this river are the Piedra, Los Pinos,
Florida, Las Animas, La Plata, and Mancos, all of which flow through
comparatively narrow valleys, crossing the line into New Mexico
before the San Juan itself is reached. A large portion of this country
has been but very recently opened to settlement, as it remained a part
of the Southern Ute Reservation until 1899, when the western half of
that reservation was thrown open to settlement, and a number of set-
tlers have come in. A very considerable portion of the most desir-
able lands had, however, been taken by the Indians in severalty.
There are a number of excellent mesas of good farming lard which
will undoubtedly be eventually irrigated. A number of surveys have
already been made of canal lines to cover these tracts, which will be
speedily pushed to completion.

DRAINAGE.

San Juan River and its tributaries drain practically all of that por-
tion of the southwestern corner of Colorado which comprises the
Durango Land District, except a portion of the northern part, which
is drained by the Dolores River, a tributary of the Grard. The
northeastern quarter of this district is very mountainous, the principal
tributaries of the San Juan having their headwaters among lofty
mountain peaks and mountain parks of high altitude. Little irriga-
tion is practiced in the upper valleys of any of the streams of this
district, except for raising hay, above a height of about 7,000 feet,
from which altitude the level of this district in Colorado runs down to
about 4,500 feet. In the lower valleys agriculture is extensively
practiced, and nearly all kinds of crops that may be raised in temper-
ate climates are cultivated. A very large portion of the division will
undoubtedly be irrigated eventually, and water will be used exten-
sively for the development of power, so that the supply of water in
many of the streams will prove inadequate without a compr-hensive
system of storage. There are fortunately a number of excellent
reservoir sites on the headwaters of a number of the streams, particu-
larly upon the San Juan, Piedra, Los Pinos, and Florida.
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The drainage area of the San Juan and its tributaries. while consti-
tuting irrigation division No. IV in accordance with the laws of Colo-
rado, is practically composed of a number of strictly independent
districts, as each one of the main tributaries crosses the line between
Colorado and New Mexico before it empties into the San Juan, and
hence the use of the water of the various streams does not conflict to
any great extent. The irrigation districts that composre the division
and the streams that furnish their supply of water are No. 29, com-
prising the territory drained by the headwaters of the San Juan and.
the Piedra; No. 31, the Los Pinos district; No. 30, the Las Animas dis-
trict; No. 33, the La Plata district: No. 34, the Manco+ district, and
No. 32, the Montezuma Valley district, the latter being practically a
part of the Grand River division.®

STREAM MEASUREMENTS.

A number of stations have been maintained at different times in this
division, those for which separate tables are given heing situated near
Arboles, on the San Juan and Piedra rivers; at Ignacio, on Los Pinos
River; at Stewart’s ranch, on Florida River; at Durango, on Animas
River; and at Mancos, on. Mancos River.?

SAN JUAN RIVER AT ARBOLES.

This station is located a short distance west of the old Arboles rail-
road station on the Denver and Rio Grande Railroad, where a foot-
bridge was constructed by the Survey across the river for the purpose.
The channel is not favorable to accurate measurements, the bridge
crossing the river at a point where there is a deep hole and the left
bank being liable to overflow. The bed of the channel is somewhat
sandy and shifting, gravel bars forming at times along the hends of
the river and again being displaced at the next high water. Measure-
ments were made from the footbridge above mentioned. The station
was valuable as furnishing information concerning the flow of the San
Juan into New Mexico and the amount of water availal'e for the use
of the Indians along its horder, as well as for use or tracts of the
public domain.

The well-known Pagosa Mineral Springs are situated upon the head-
waters of the San Juan, and a railroad has recently beon constructed
into this territory.* ‘

e For detailed information concerning the agriculture of thisregion, see the State Engineers’ Reports.
, bFor more detailed information concerning this druinage basin, see Hayden's Report of 1875. Also
publications U. 8. Geological Survey: Eighteenth Annual Report, Part IV, p. 278; Nineteenth, Part
IV, p. 409; Twentieth, Part IV, p. 400; Bulletin, No, 140, p. 195; Water-Supply end Irrigation Paper
No. 38, p. 307. Also Tenth Biennial Report of the State Engineer of Colorado, p. 330. Also Report on
Agriculture by Irrigation, Eleventh Census, by ¥. H. Newell, pp. 90-135.

cFor more detailed data concerning this station see Biennial Reports of th= State Engineers of
Colorado: Eighth, p. 498; Ninth, p. 388; Tenth, p. 331. Also publications U. £. Geological Survey:
Eighteenrth Annual Reports, Part IV, p. 279; Nineteenth, Part IV, p. 409; Twentieth, Part IV, p. 401;
Twenty-first, Part IV, p, 297; Bulletin No. 140, p. 195; Water-Supply and Irrigation Papers No. 11, p.
71; No.16, p. 144; No. 28, pp. 138, 142, and 145; No. 38, p. 307; No. 39, p. 461. Also, Beport on Agriculture
by Irrigation, Eleventh Census, by F. H. Newell, p. 102
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Maximum and minimum discharge and average run-off of San Juan River at Arboles for

that portior of each year covered by records.

Discharge. Run-off.a

Year. Minimum. Maximum. Second-

Depth in | feet per

inches. square

Date. Amount, Date. Amount. mile,

Sec.-ft. Sec.-ft.

1895 .. Nov. 11 135 | June 19 1,770 0.39 0.35
1896. . ... ... Aug. 22 136 | May 6 2,615 ) .40
1897 .. Aug. 31 182 | May 20 | 4,423 1.07 .96
1898 .. ... Sept. 25 83 | June 24 | 3, 255 .73 . 66
1899, ..., Sept. 8 96 | May 13 1,976 .47 .42

aThe run-off given in the horizontal lines is the amount for that part of each year covered by the
record and the depths in inches is for a period of thirty days at the rate given as the mean in second-
feet per square mile for the period covered. The discharge given is for average months and the
total for an average period of eight months as derived from the observations.
in the authorities cited.

Details may be found

Discharge measurements made on San Juan River at Arboles.

Date. Hydrographer. hce*?gg}?t. ChIEiirsée.
1895. Feet. Sec. -fts
June 21 | F. Cogswell. ... ... .. i 7.30 1, 556
Aug. 30 |..... i £ Y 6.20 387
Oct. 11 |..... 6 1o S 5. 80 215
Nov. 25 |..... QO e e 5.90 252
1896.
May 16 | F. Cogswell. ... ..o oot ceiia i oo 6. 65 768
June 21 |._.._ QO oo e 5.90 250
July 25 |..... ¢ L JE 6.00 268
Sept. 26 |.___. A0 — e 6.15 322
Oct. 24 (.___. QO e e 6.20 349
1897.
Apr. 25 | F. Cogswell. . .. ... . .. 8.30 2,753
May 16 |..... QO e 8.80 3,316
June 27 ... Ao il 7.60 1, 604
July 25 |..... QO e 6.50 446
Aug. 29 |..._. s T J 5. 80 209
Sept. 26 [..._. 6 L 8.00 2, 048
Oct. 24 |.___. 6 Lo 6.90 795
1898.
Apr. 12 | A L. Fellows. ... L i 7.30 1,403
May 17 |..... 16 L 7.42 1,497
June 21 |.._.. G o 8.10 2,579
Aug. 8| G.H.Matthes ... .o o iiaann 6.30 294
Aug. 21 | A L. FelloWs . .. .. oo it e e e 6.05 213
Oct. 23 |..... 16 1 5. 80 83
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Discharge measurements made on San Juan River at Arboles.—Continued.

Date. Hydrographer. hgag %' ch]z.irsée.
1899. Feet. Sec.-ft.
Apr. 23 | AL L. FelloWS. oo e oo e e eee e 7.00 1,286
May 22 |..... do oo L 6.60 737
June 26 [..... [« L YU 6.15 277
Nov. 26 |..... 3 1 S 5.75 127

PIEDRA RIVER AT ARBOLES.

This tributary of San Juan River rises among the San Juan Moun-
tains in Hinsdale and Mineral counties, in southern Colorado, and
flows in a nearly southerly direction to its junction with the San Juan
about one-quarter of a mile west of the old Denver and Rio Grande
Railroad station at Arboles. Very little irrigation is practiced upon
this stream, and that little is along the lower course of the river. It
is possible, however, to take water out for the irrigation of mesa
lands lying along the west side of the stream between it and Los Pinos
River. The value of the information derived from the maintenance
of this station is due to the fact that it is an important sourc> of sup-
ply for the Indians along its bordersand for the owners of lands along
the San Juan below their junction.®

a For more detailed information concerning this station, see Biennial Reports of the State Engineers
of Colorado: Eighth, p. 504; Ninth, p. 390; Tenth, p. 334. Also publications U. 8. Geolo7ical Survey:
Eighteenth Annual Report, Part IV, p. 281; Nineteenth, Part 1V, p. 411; Twentieth, Part IV, p. 402;
Twenty-first, Part IV, p. 298, Bulletin No. 140, p. 196; Water-Supply and Irrigation Pipers No. 11,
p. 71; No. 16, p. 145; No. 28, pp. 139, 142 and 145; No. 38, p. 308; No. 39, p. 452,



[wo. 74.

WATER RESOURCES OF COLORADO.

116

9y} Uyl PUNoy oq ABW SV ‘SUOIRAISSO Y} WOIJ PIALIDD SB SYIUowW 8o jo porad 998I5A% uw I0j 810} 9y} pUB

"PAISTOUT (g 03 61 ABI »

“QATSL[IUT 0g 03 £5 THIdY 2

*2ATSUIUT 08 03 TT 1AV @
*poIIod SATILIOTINB

SYIUOTE 98BIVAR IOF ST UPALS go-und aylLo»

| P , o

IR R A Tt 86406 | 9TF ‘LFG w 886968 | 865 'L9T | 01914 777TTCC Tt PopI02a1 poried 10} 399-010Y
9% '9 169° | '606°¢as | €9F 906 11¢ | 08 | @98 813 TTrrtTrmmemeeeneienes Tt wBa
0z” 81" 618 ‘2 el TTortTTTet VA 1574 IG1 €6 Tt T Tttt T T IS UUDAON
cg’ 44 189 ‘81 §08 R (1 08 QLT 1722 TTTTTI8q o0
g8 66" | 106°IT | 00G 6% 68 668 i¥¢ arr TTTTTTTTrmresmmsmnsrenienoeens 1equisydeg
¥é- 208" L¥G°8 681 081 6F1 901 69 002 Tttt ettt Tttt N sy
16" oFF” 003 ‘81 96¢ { TFL ¢€ge , 966G 11T | iz TrorTTrTTmmTmmeees Tttt o Tttt Aop
01 T96° | OFF‘CE | 9¥9 891 TI3‘T 1 681°T | 684G | GEF TrTommmooeees AR “teung
88°1 9T | 09699 680°T qre 996 go'‘c sFO'T | (») T TTTTTiTTerTrrmemrmsesenenes Loy
1671 G961 116 ‘s | 906 08¢G 2 816 L09F 1 0819 et Rt ceemeretudy

! N THETN Yoy “W-r2ay RIEREN RIS “WY-028
o - I . _ _

‘ ‘a[rm \,

‘SoyouUr aienbs |
urqidaq | 10d 1991 | '199J-210% :
-puowag ut juaf ‘UBII 6681 B68T “L6ST ‘9681 ‘G68T U,
-BAIMbH
P JO-UnI UBIW

['sorrTx axenbs (L9 “BolB ISBUIRID :199] 'wmm,m ‘apninIy]

*$A)OQLY 3D LAY DIPAT L0 abunyosyT




FELLOWS.]

SAN

JUAN DIVISION.

117

Maximum and minimum discharge and average run-off’ of Piedra River at Arboles for
that portion of each year covered by records.

Discharge. Rin-off.a

Year. » Minimum. Maximum. Second-

Depthin | feet per

inches, square

Date. Amount. Date. Amount. mile.
. See.-ft. Sec.~ft.

1895, ool Nov. 6 60 | July 12 6.70 0.87 Q. 327
May 6 2,066

1896 oo eens Aug. 11 23 { ) ’ €0 | 540
ug Sept. 24 3,000

1897, .. Aug. 25 65 | May 7 2,398 1.56 1.22¢4

1898, ...l Lil... Nov. 13 27 | Apr. 27 1,599 o4 . 763

1899 ... ........ Sept. 6 25 | May 13 | 643 .7h . 307

aThe run-off given is the amount for that part of each year covered by the records and the depth
in inches fur a period of thirty days as the rate given as the mean in second-feet per sanare mile for
that period covered. The discharge given is for average months and the total for an average period

of eight months as derived from the observations.

Discharge measurements made on Piedra River at Arboles.

Details may be found in the aunthorities cited.

Date. Hydrographer. h(j%gkft, ‘ (,hl;iig'e'
1895. ' Peet. Sre.-ft.
June 21 | A. P. Davisand F. Cogswell ... ... oo o . ... 3.€0 606
Aug. 30 | F. Cogswell. ... ... .. ... .. .... e 3.20 235
Oct. 11 |..... & 1 N 2.€0 140
Nov. 25 |....: & L 2.€0 115

1896.
May 18 | F. Cogswell ... .. . i 3.€0 544
June 20 |..... 6 T T 2.€0 109
July 24 |..... & 1 3.(5 189
Sept. 27 |..... & Lo T 3.70 405
Oct. 25 |..... A0 e 3.C0 179

1897
Apr. 24 | F. Cogswell. ... i 5.20 1,429
May 15 (..... % U J 5.€5 1,629
June 26 |..... A0 oo e 4. 20 -677
July 24 |..... e 7o T 3.10 230
Aug. 28-..... do o 2.€0 65
Sept. 26 |..... 6 e Z P 4.15 675
Oct. 23 |..... do ... e e eemmemaaeaaas 4.C0 586

1898.
Apr. 13 | A L. Fellows oo 4. €0 1,158
May 16 [..... s 1o TN 4,82 937
June 22 J . cdO e 5. 10 1,315
Aug. 8 | G.H. Matthes ... .. iieiieaeaanas 3.10 195
Aug. 24 | AL L. FelloWs e coean oo 3.05 186
Oct. 24 1..... 6 1o S 2.€0 52
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Discharge measurements made on Piedra River at Arboles—Continued.

Date, Hydrographer. h%?gglft. (‘h];-ge.
1899. Feet. Sec.-ft.
Apr. 23 | AL L. Fellows - oot e eie e caaaes 3.80 499
May 22 (..... & T I 3.40 279
June 26 |..... & 1o PN 2.90 111
Nov. 26 |._... 4 I 2. 80 88

LOS PINOS RIVER AT IGNACIO.

This stream drains the country near the western end of the San
Juan Range and the southern slope of the Needle Mountains. It flows
in a southerly direction for about 50 miles, crossing the Colorado line
about 5 miles south of La Boca, on the Denver and Rio Grande Rail-
road. The valley is in general wider than the valleys of the Piedra
and San Juan, and irrigation is more extensively practiced along the
borders of the stream. A number of canals have been constructed by
the Government for the benefit of the Indians located on the bottom
lands. Several irrigation canals have also been projected, and surveys
have been made by private parties for the purpose of taking out water
to the adjacent mesas. The station is important as giving information
concerning the supply of water available for the use of the Indians
and of white settlers as well. The Indians have in generel taken lands
in severalty in the first bottom lands of the stream, but since the res-
ervation was thrown open many white settlers have filed on lands
higher up. The normal supply of this stream will protably eventu-
ally prove insufficient for irrigation, and this may be tre even with
storage. There are, however, some very fine reservoir sites upon the
headwaters of the stream which may be used.

The gaging station is located at the subagency, about 2 miles north
of the station of the Denver and Rio Grande Railroad. The channel
is fairly suitable at this point, being of gravel and bowlders, and has
suffered little change since the station was established. Measurements
are usually made at the wagon bridge, to which the rod is attached,
but may at times of low water be made by wading. Th~ channel is
fairly stable at this point, the banks, although low, not heing particu-
larly liable to overflow. Records bave been irregular and unsatisfac-
tory, but a table is compiled from the few that have been sent in.¢

a For more detailed data concerning this station, see Tenth Biennial Report of the State Engineer
of Colorado, p. 336. Also publications U. 8. Geological Survey: Twenty-first Annual Report, Part IV,
p. 299; Water-Supply and Irrigation Papers, No. 38, p. 309; No. 39, p. 462; No. 50, p. 3.
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Estimated monthly discharge of Los Pinos River at Ignacio.

[Altitude, 6,422 feet; drainage area, 450 square miles.]

119

Discharge in second-feet. Run-off,
Month. Maxi Mini Tom}‘ﬂigt e %gcgng; Depth in
- - " e
mum, | mum, | Mean. squzsre Tnches.
mile.
1899.
April 23 6080, . e i 479 29, 693 1.11 1.24
May .. .oooiio.. 947 180 530 32, 588 1.18 1.36
June ... ...l 605 264 169 27,907 1.04 1.16
July - L 662 124 289 17,770 .64 .74
August ... LoLo. 1,346 49 349 21, 459 W77 .89
September.__........... 264 36 62 3,689 .14 .16
October ... ... ....... 292 36 127 78,088 .28 .32
November.............. 124 89 103 6, 129 .23 .26
December 1to21......_. 89 49 59 3,628 .13 .15
1900.
January ... ............ 101 61 82 5, 042 19 .22
February ... ... ....... 61 61 61 3,388 13 .13
March........ P 141 61 94 5,780 .21 .24
April 1to 7 . ... .. 193 101 166 9,878 .36 .40
May9to26............. 1,326 785 998 l 61, 365 2.22 2.56
Discharye measurements made on Los Pinos River at Ignacio.
[Hydrographer, A. L. Fellows.]
- Date. h(é?gtft. Discharge.
1899. Feet. Sec.-ft.
A DT 2 e 3.20 437
My 20 . . e 3 40 577
Juane 25 e 2.80 244
ooV, 2B e 2.60 124
1900.

Mar. 26 . e iaeaaaan 2.60 137
U 3 50 604
7 X I 2.00 25

FLORIDA RIVER AT STEWART' S RANCH, NEAR DURANGO.

This stream is a tributary of Animas River, and drains the country
Irrigation is
extensively practiced along this stream, particularly along its lower
course, and the supply, being insufficient, is exhausted early in the irri-
gation season. Owing to the fact that there are large trects of land

immediately west of that drained by the Los Pinos.

~
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along the stream that might he cultivated if there were enough water,
a project has been considered for storing water in the upper portion
of the drainage hasin. The land is particularly valuable, being located
near the city of Durango and being at such an altitude that wheat and
other grains may be most successfully raised. The station was main-
tained for a portion only of one summer, with a view to ascertaining
the high-water discharge. The data thus derived are given in full.¢

Estimated monthly discharge of Fiorida River at Durango.

[Drainage area, 136 square miles.]

Discharge in second-feet. l Run-off.
Month. ‘ ' i Total 1n acre- | gononq.
Maxi- | Mini- et | feet Depth i
mim. | o, Mean. | | Sauare | inches.’
‘ wile,
1899. ; |
May 21 to31..eiooiiiifonaaans [rmeeees 139 8,547 ‘ 1.02 1.18
June ...l 121 | 12 68 4,046 .50 .56
July .ol 211 6 H \ 2,767 | .33 .38

The only gagings made in the year 1899 are as given below:

Discharge measurements ‘made on Florida River ut Durango.

[Hydrographer, A. L. Fellows.]

|
Date. ‘ h(e}isz'gtft. Discharge,
1899. Fect. | Secft.
U 0 R 2,25 236
June 24 e ‘ .70 9

ANIMAS RIVER AT DURANGO.

This stream is the largest tributary of the San Juan, and derives
its water from the high mountains above Silverton, draininy portions
of the Needle and La Plata mountains, in addition to the area south
of Mount Sneffels and Red Mountain. The country drained by this
stream and its tributaries is generally very mountainous down to a
point about 12 miles above the city of Durango, where the valley
broadens out to such an extent that irrigation is extensively practiced.
The supply of water is probably more than adequate to meet all
demands for irrigation, although a number of projects are being con-

aFor more detailed data concerning this station see Tenth Biennial Report of the State Engineer
of Colorado, p.340. Also publications U. 8. Geological Survey: Twenty-first Annual Report, Part IV,
P.300; Water-Supply and Irrigation Papers, No. 38, p. 811; and No. 39, p.452. Also, Report on Agricul-
ture by Irrigation, Eleventh Census, by F. H. Newell, p. 116.
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sidered with a view to using the waters of this river and of its tribu-
taries for the development of power, both directly and through the
transmission of electricity. An important project has al<o been
undertaken for the construction of a large canal using the water of
the Animas River in New Mexico.

The station is located at the wagon bridge, a short distance west of
the railroad station at Durango. In 1889 a new bridge was con-
structed, rendering the new station much more satisfactory than the
old one had been. The stream is usually gaged from the wagon
bridge, but may at very low water be gaged by wading. The channel
is of bowlders, and is fairly stable, although oceasional changes occur.
The banks are high and not liable to overflow.¢

aFor more detailed information concerning this station see Biennial Reports of the State Engi-
neers of Colorado: Eighth, p. 510; Ninth, p. 392; Tenth, p. 342. Also publications U. 8. Geological
Survey: Eighteenth Annual Report, Part 1V, p. 283; Nineteenth, Part 1V, p. 414; Twent‘eth, Part 1V,
P.403; Twenty-first, Part IV, p. 301; Bulletin No. 140, p. 198; Water-supply and Irrigation Papers, No.
11, p. 72; No. 16, p. 146; No. 28, pp. 139, 142, and 145; No. 38, p. 310; No. 39, p. 452; No. 50, p. 383. Also,
Report on Agriculture by Irrigation, Eleventh Census, by F. H. Newell, p. 116,
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Maximum end minimum discharge and average run-off of Animas River at Durango for

~

that portion of each year covered by records.

Discharge. Run-off.«

Year. Minimum. Maximum. Second-

Depthin | feet per

inches. square

Date. Amount. Date. Amount. mile.
See.-ft. See.-ft.
Aug. 12

1895, e {D ec. 15 208 | Aug. 14 990 3 82 0. 48
1896 ... Aug. 26 138 | Sept. 24 7,800 | 10 18 1.00
1897 ... ...| Aug. 27 325 | May 25 5, 870 22.61 1.66
1898 oo Nov. 19 125 | June 23 4,677 14.25 1.05
1899, ... ... Apr. 6 138 | May 14 3, 240 9.09 .89
1900 ... ... Feb. 17 122 | May 28 3,830 9.58 .69

aThe run-off given is the amount for that part of each year covered by the record: and the depth
in inches for the time. Petails may be found in the authorities cited.
b Approximate.

Discharge measurements made on Animas River at Durango.

Date. Hydrographer. h%?gﬁt. clgix%e.
1895. Feet. Sec.-ft.
June 18 | F. Cogswell ..o i 6 50 1,893
Aug. 29 |..... & L T 5 80 543
Oct. 10 |..... & LS 5.40 328
Nov. 24 |.__.. e U J 5.20 260

1896.
May 15 | F. Cogswell. oo oo 6 35 1, 063
June 19 |..... QO e et e s 5 80 590
July 23 |.._.. QO oo e 5. 50 360
Bept. 25 1. O e et 7.40 2, 566
Oct. 23 |..... & o J 5 50 414

1897. .
Apr. 23 | F. Cogswell .. i 7.7 2,176
May 14 |..... QO c e e 9.20 4,786
June 25 |..... G Vo YR 7.86 2, 534
July 23 |..... [ ¥ 2 6 10 997
Aug. 27 |..... 1 T J 5 10 328
Sept. 24 |..... A0 oo eaeieeicaaaa 6 05 905
Oct. 22 |..... 1 Y 6 50 1,121

1898,
Apr. 11 | A L. Fellows. oo oo i ieeaaaen. 6 50 1,356
May 15 |..... S 7.25 1,797
June 20 |.._.. 4 1o YRR 8 55 3,475
Aug. 5| G . H. Matthes ..o ... i ieiiieeiiaane. 5.20 414
Aug. 22 | A L. Fellows. ... . i icacciannnn 5 07 284
Oct. 22 |..... QO e iiideiieean. 4.70 160
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Discharge measurements made on Animas River at Durango—Continued.

!

Date. 2 Hydrographer. lg?gg}ft. chgi'sg:e.
1899. | Feet. See.+ft.
Apr. 211 AL L FelloWs . oo oo e 7.50 698
May 19 |..... L4 T T 9. 45 2,635
June 24 |..... s (o T 8.10 1,256
Sept. 28 1o oeadO oo 6.52 293
‘Nov. 25 e & 1S 6.50 201

1900. -« . .
Mar. 26 | A. L. Fellows. ... .o oo i e 6. 60 246
May 9!..... & X Z 8.65 1,614
June 25 ..._. R (o TN 8.80 1,740
Aug. 13 ... 1< 1 N 6.45 169

MANCOS RIVER AT MANCOS.

Mancos River rises on the southwestern slopes of the La Plata
Mountains and flows in a generally southwesterly direction, emptying
into the San Juan at a point about 6 miles east of the southwest corner
of the State of Colorado, or the Four Corners. The upp-~r portion of
the drainage is mountainous; and -little irrigation is possible until the
valley hroadens out in the vicinity of the town of Mancos, where all
of the ordinary flow of the stream is used. Enough water goes to
waste, however, at high stages to irrigate probably all of the available
land along the stream if it could be properly stored. For the last 40
miles of its course the stream flows through the Mesa Verde in whatis
known as the Mancos Canyon, this lying in the Southern Ute Indian
Reservation.” With plenty of water, considerable land might be irri-
gated for the benefit of the Indians in this canyon, but under existing
conditions the stream is dry during a greater part of the summer
season, and hence no irrigation is possible.

The station is located at the town of Mancos, a short distance helow
a wagon bridge near the center of the town. A number of ditches
take their supply of water at points above the station and a number of
others are located below. The channel is not gravel and is somewhat
shifting, the bed changing so much in the year 1900 tI~t no rating
table was possible for that year.?

aHayden's Report of 1875.

bFor more detailed information concerning this station see Biennial Reports of the State Engi-
neers of Colorado: Ninth, p. 394; Tenth, p. 346. Publications U. S. Geological furvey: Twentieth
Annual Report, Part IV, p. 404; Twenty-first, Part IV, p. 284; Water-Supply and Irrigation Papers,
No. 28, pp. 137, 142, 144; No. 38, p. 312; No. 39, p. 452, and No. 50, p. 384. Also Report on Agriculture
by Irrigation, Eleventh Census, by F. H, Newell, p. 122.
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Estimated menthly discharge of Mancos River at Mancos.
[Altitude, 6,960 feet; drainage area, 11'; square miles,]
Dischgrge in second-feet. Run-off.
Month. Maxi Miui Fotat In acre- ! Secord-\
Dllalﬁ: mllllll]ll- Mean. §§u§r§ igghesl.n
mile.
1898.
Marche (. .. ... ... llooioll. 50 3,074 0.43 0. 49
Apr.10to 30 ... ... ._. 375 123 261 15,531 2.23 2.49
May . cooooiiioiioiin 270 144 206 12, 667 1.76 2.03
June ... ._.......... 201 144 213 12,674 1.82 2.03
July oL 333 | 2 104 6,395 .89 1.02
Auvgust ... ... 12! 8 9 553 .08 .09
September...._..__..... 12| 3 7 399 .06 .07
October® ... .. .. | ..... I IR 5 307 .04 .04
November . ............|....... Hoeoeenos 3 179 .03 .03
____‘L S
| 51,779 .82 8.29
1899. !
Marche . |l 90 5, 534 0.77 0. 89
April ... .. 91 5 42 2, 499 .36 .40
May . ........... ... 144 19 74 4, 550 .63 .72
June ................. 81 5 33 1,964 .28 .31
July .ol 19 3 9 533 .08 .09
Auvgust ... ... ... 102 8 11 2,521 .35 .40
September......_....._. 123 5 33 1.964 .28 .31
October ............_._. 60 1 22 1,353 .19 .22
Novembere____._ ... . ... ... ... 5 208 .04 .04
19, 268 .30 3.07
a Approximate, no observation; being mad;e during these periods.
Discharge meusurements made on Mancos River at Mancos.
[Hydrographer, A. L. Fellows.]
Date. hgiaégtot. Dbischarge.
1898. Fect. Sec.-ft.
8 2 R U 1. 80 102
May 14 et eeeieeaeaeaaaas 2.20 185
June 18 ...... B e e e e e et e e mmaaaaaaaa 2.00 159
Ot 18, e e e imeeeeieeeeccavoancnean . 80 3
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Discharge measurements made on. Mancos River at Mancos.—Continued.

Date. hg?g et. Discharge.

1899. . Feet. See.+ft.
APr. 19 e 1.65 70
May 18 oo 1. 60 56
June 23, .o 1.10 9
Sept. 22 i .. 20 2
NOV. 24 e 1.00 3

1900.
Mar. 23 e 1.05 4
May 7o it 1.80 82
June 26 .o 1.70 16
AUg. 12 s 1.40 2

MISCELLANEOUS INVESTIGATIONS,

A number of miscellaneous gagings have been made at different
poiuts in this division, and are given in the table below. Most of these
were taken during an investigation looking to the irrigetion of lands
belonging to the Southern Ute Indians. A full deser’vtion of this
investigation, with a statement of its results, may be found in the
Twentieth Annual Report, Part 1V, pages 408—434, and ir the Twenty-
first Annual Report, Part IV, page 286 et seq.

No seepage measurements have been made upon any cf the streams
of this region, but it is likely that the return from seepage is slight,
as the stratification is such as to niake any great returns improbable.

This region is also discussed in Hayden’s Report for 1875.

Miscellaneous discharge measurements of San Juan River and tributaries.
.

[Hydrographer, Gerard H. Matthes.]

Date. Stream, Locality. Discharge.

1898. Sec.ft.
Aug. 6| Los Pinos River.... . .._.. 6 miles above Ignaeio .._..... 246
Aug. T ..... do ool 4 miles below Ignacio ........ 196
Aug. 10 | La Plata River....... .. ... Hesperus . ... ... 11
Aug. 18 | San Juan River ..._...._... Noland, Utah.............._. 609
Sept. 21 |.._.. A0 oo A0 e 383

1899.
Sept. 13 | Mancos River.........._._. Head of canyon.............. 3
Oct. 149/ ___. Ao i In MancosCanyon ...... I 100+

a Estimated discharge for several hours following a heavy rain.
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GRAND RIVER DIVISION.

IRRIGATION.

Grand River is the largest stream in Colorado, and drains the great-
est territory. The main stream rises in Middle Park, in north-central
Colorado, and drains the mountainous country on the west side of the
Front Range and the south side of the Continental Divide in Middle
Park. The Grand River and all of its tributaries flow through moun-
tainous regions for considerable portions of their courses, and then
generally enter a country the surface of which is usually undulating,
but at times badly broken by deep canyons and ravines, the bottoms
of these canyons being sometimes valleys of considerable extent, and
again narrowing to mere threads. Along these canyons and valleys
are often mesasof varied breadths. Uponmost of the streams of this
division but little irrigation has heen practiced, except along the low-
est valleys. There are, however, a few exceptions to this rule, the
most notable ones being the Uncompahgre and Dolores rivers, which
will be described more fully later. Upon sonie of the streams—as,
for example, the San Miguel—a great deal of water is used for the
purpose of developing power, the supply upon this strerm being
hardly adequate to the demands. Considerable power is Ceveloped
upon other streams of this region also, the San Miguel, the Lake
Fork of the Gunnison, and the Dolores being examples. Owing to
the comparatively small amount of land that can be irrigated along the
main stream, only a small proportion of the water in this division has
been used, but a number of projects are under consideration with
a view to diverting the water in great canals to the fert'le mesas
along the various streams, and in one case—namely, the Gunnison
River—of taking water from that stream through the Divide for the
purpose of irrigating lands in another valley—the Uncompahgre.
Another great project now under consideration is that of taking the
water of Grand River, by means of a very large canal, to the uplands
of the western part of Colorado and the eastern part of Utab.

A number of the smaller tributaries of the Grand and its branches
furnish a supply that is inadequate for the demands of irrigation, and
storage is resorted to on a number of these streams, Surface Creek
and Roan Creek being examples. The crops of this region vary with
the altitude, only hay and grain being raised at the higher elevations,
while fruits of an almost tropical nature may be raised where the Grand
crosses the State line into Utah. A beet-sugar factory has been located
at Grand Junction, and is successfully operated.

Irrigation division No. V, the Grand River division, covers the
lands irrigated by the Grand and its tributaries. The relations exist-
ing between the different districts of this division are not so close as |
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is usually the case in the eastern half of the State. I'xceptin a few
cases the different districts are not interdependent, sc that the water
in one district is generally used without much reference to others, this
being usually due to the fact that each stream flows into a river so
large (the Grand) that its supply has not yet been exhausted. This.
will not long remain the case, however, and eventually the interde-
pendence of the different districts will undoubtedly be almost as close
as it is upon the South Platte.

There are 20 districts in this division, for the names and boundaries
of which see Biennial Reports of the State Engineers of Colorado.
For map see P1. I of this paper, p. 20.

STREAM MEASUREMENTS.

The following stations have heen maintained for a length of time
sufficient to warrant publication of the records, measur>ments at other
stations being given in the list of miscellaneous measurements for this
division. These stations are at Glenwood Springs and Grand Junction,
on Grand River; Iola and Grand Junction, on Gunnison River; Fort
Crawford and Montrose, on Uncompahgre River; Dolores, on Dolores
River; and Fall Creek, on San Miguel River.®

GRAND RIVER AT GLENWOOD SPRINGS.

This station was located May 12, 1899, at the request, of the Denver
and Rio Grande Railroad Company, at the railroad bridge one-quarter
of a mile west of the depot and just above the mouth of Roaring Fork.
A wire gage was used at this point, but records were kept up during
the stage of high water only. On January 1, 1900, a new gage rod
was located near the Glenwood Springs electrie-light plont. Measure-
ments are made from the wagon bridge across the river near the rail-
road station. The channel is good, heing composed of gravel and of
rock, and is not liable to great change, and the banks are high and not
subject to overflow. Gagings are made from the bridge. The station
is of importance, as it furnishes a good idea of the flow of Grand
River available for the great irrigation projects contemplated below,
measurements heing made of Roaring Fork also whenever they are
made at the Glenwood station.?

aFor further descriptions of this division see Hayden's Report of 1875. Also publications U. 8.
Geological Survey: Twelfth Annual Report, Part 11, p. 290; Eighteenth, Part IV, p. 260; Nineteenth,
Part IV, p. 360; Twentieth, Part 1V, p. 873; Twenty-first, Part 1V, p. 280; Bulletins No. 13, p. 47; No.
140, p. 186, and Water-Supply and Irrigation Papers. Also Report on Agricultuve by Irrigation, Elev-
enth Census, by F. H. Newell. For agricultural statistics see Biennial Reports of the State Engineers
of Colorado.

b For more specific information concerning this station see Tenth Biennial Report of the State
Engineer of Colorado, p. 350; Water-Supply and Irrigation Papers, U. 8. Geological Snrvey, No. 37, p.
293; No. 50, p. 375, and Report on Agriculture by Irrigation, Eleventh Census, by F. H. Newell,
p. 112

\
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Estimated monthly discharge of Grand River at Glenwood Springs.

[Altitude, 5,743 feet; drainage area, 5,838 square miles.]

Discharge in second-feet. ! Run-off.
Month. Total in aere- | gocong.
Maxi- Mini- Mean. feet. fee:‘ per | Depth in
mumn, mum. sqrare inches.
mile\.
January . ... _......_.. 970 810 890 54, 724 0.15 0.17
February.....__........ 935 810 883 49, 039 .15 .16
March .......... ... ... 1, 460 902 1,187 72, 896 .20 .23
April ..o oL 3,940 1,120 1,818 108, 178 .31 .35
May ... oooo.. 22, 895 3,245 | 11,963 . 735,577 2. 05 2.36
June ... 22390 | 7,622 14,817 881,673 | 2.54 2.83
July ..ol 7,270 | 1,515 3,121 191, 903 .54 .62
August....... ..., 1, 460 935 | 1,134 69,727, .19 .22
September.. ... ... ... 870 755 800 47,603 L14 .16
October ................ 755 755 755 | 46, 423 .13 .15
November....._........ 935 728 805 47, 901 14 .16
December .............. 840 570 681 | 41, 873 .12 .14
The year ...._..._. 22, 895 570 3,238 | 2, 347, 607 .56 7.55

Discharge measurements made on (frand River at Glenwood Springs.

[Hydrographer, A. L. Fellows.]

Date. hgis;:zglzet. Discharge.

1899. Feet. See.-ft.
May 12 e eeaaaaeaan 6.05 17,577
JUDe 17 e e 10. 22 29,187
NOVEmber 17 « oo oo e e [ 275 1,084

1900.
March 19 . e 3.80 1,140
TULY 8 e o e 5.40 | 3,764
August 23 e I 3.60 1,086

|

GRAND RIVER AT GRAND JUNCTION.

This station was established October 18, 1894, and is lo-ated at the
State wagon bridge across Grand River near the pump house of the
city waterworks at Grand Junction, a short distance above the mouth
of Gunnison River. The Grand at this point discharges through two
channels, and a separate record of each is maintained, requiring sepa-
rate discharge measurements. During the last four years by far the
greater part of the water has run through the left channel; during the
year 1900 there was a floy through the right channel for but a short
time. Gage rod No. 1 is attached to the pier on the right bank of the
river on the lower side; gage rod No. 2 consists of a wire and weight

IRR 74—02——9
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fastened to the upper side of the bridge over the left channel. The
channel is sandy and shifting, and the discharge must therefore be
considered as approximate only. Owing to the small number of meas-
urements made and to the changes in the channel it h~s been found
impracticable to construct rating tables covering the entire period,
so that the discharge for 1895, 1896, and 1900 are not given.®

Estimated total monthly discharge of Girand River ai (rand Junction.

[Altitude, 4,594 feet: drainage area, 8,644 square miles.]

| Discharge in second-feet. Run-off.
Month. Maxi- | Mini- | ypooo T | Seevper | Deptn in
mum. mum. i square | inches,
mile.

1897.
January ..o oo eiii it b1, 000 b61, 488 | 10.12 0. 14
February - ... . |oo i |iioii.s b1, 050 b58, 314 5,12 b.12
- March. ... el 51,100 067,637 5,13 b.15
April.. ... ... ... 11,476 | 1,280 | 3,723 221, 534 .43 .48
May ccoceiioaat 37,950 | 12,785 | 29,430 1, 809, 948 3.41 3.93
June ... ... 37,008 | 15,618 | 25,350 1, 508, 429 2.93 3.27
July -l 15,006 | 3,400 | 8,830 542,935 1.02 1.18
August ... 5,470 | 1,720 | 3,000 184, 463 .35 .40
September_. ... . ...._. 2,650 | 1,640 | 1,803 107, 286 .21 .23
October ... .. ... ...... 2,350 | 1,560 | 1,813 111,478 .21 .24
November .......___.._. 1,820 | 1,455 | 1,663 98, 955 .19 .21
December ... ... fooiilioaaa... b1, 550 095, 306 b,18 b.21
The year ......... 37,950 |........ 6, 693 4, 867,773 .78 10. 56

1898.
January ... ... oo . |l b2, 944 b181, 020 b, 34 b.39
February ... ... oo ool 02,985 0165, 777 b.36 b.36
March. ... . e e 02,113 0129, 924 b.24 b.28
Aprilo oo e b4, 305 0256, 165 b.50 b.56
May._ ... il 12,642 | 4,633 | 7,130 438, 406 .83 04
June _....___..._._. ... 17,262 | 8,279 | 13,702 815, 326 1.59 1.77
July ...l 7,611 | 1,725 | 4,445 273, 312 .51 .59
August ... 1,725 949 | 1,127 69, 297 .13 .15
September. . ......_..._. 1,143 561 907 53,970 .11 .12
October ... ...__..._. 1,143 561 915 56, 261 .11 .13
November . ... .._....... 1,337 75 | 1,072 63, 788 .12 L14
December ... ... l|ieo.iiiiicaaaaa. 1,011 62,164 .17 .20
The year ......... 17,262 |........ 3, 655 2, 565, 410 .42 5.63

a For more detailed information concerning this station see Biennial Reports of the State Engineers
of Colorado: Eighth, p. 534; Ninth, p. 396; Tenth, p. 352. Also publications U. 8. Geological Survey:
Eighteenth Annual Report, Part IV, p. 260; Nineteenth, Part IV, p. 400; Twenti=th, Part IV, p. 389;
Twenty-first, Part IV, p. 281; Bulletins, No. 131, p. 48; No. 140, p. 187; Water-Su»ply and Irrigation
Papers No. 11, p. 67; No. 16, p. 137; No. 28, pp. 135, 142, and 144; No. 37, p. 294; No. 39, p. 451; No. 50, p.
376. Also Report on Agriculture by Irrigation, Eleventh Census, by F. H. Newell, p. 121.

b Approximate.
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Estimated total monthly discharge of Grand River at Grand Junction—Continued.

Discharge in second-feet. Run-off
Month. Tomlf inta.cre- Secord-
Maxi- Mini- Mean eet. feet per | Depth in
mum. mum. : square inches.
mile.
1899. ;
March. oo eieaeaan 1,799 110, 616 0.21 0. 24
April. ..o 3,940 234, 446 .46 .52
May oo e e 19,375 1,191,322 2. 24 2.59
JUNE e 31,306 | 1,862,836 | 3.62 3.99
July - e 14, 070 865,130 1.63 1.88
August ..o 4,577 281, 429 .53 .21
September. .. .. ... .. | . leo.o.. 2,164 128, 886 .25 .68
Discharge measurements made on Grand River at Grand Junction.
[Total discharge of both channels.]

Date. Hydrographer. heGiZ < chzirsge.
1894. Feet. Sec.-ft.
Oct. 18 | A P. Davis « oottt e e e e 2.10 1, 585

1895.
June 27 [ AL P. Davis. .. ... 4.03 | 16,500
Oct. 1 |..... QO e .82 2,059
1896.
Aug. 20 | F.Cogswell .. ... .. i 3.00 1,023
Sept. 20 |..... & 1o J 3.90 1,694
Oct. 17 |..... s L Y 3.60 1,542
Nov. 10 { C.C.Babb ... ... ..ol 3.35 1,497
1897.
Apr. 20 | C.C.Babb ... ... i Y eeaan 5.60 5,176
May 19| W.B.Dougall. .. ... . . ... 10.20 | 32,686
July 29 | F.Cogswell ... ... ... 5.35 4,044
Sept. 29 [..... 6 Lo 4.05 2,062
Oct. 28 |..... QO o e 3.98 1,764
Nov. 23 | C.C.Babb ..o i 3.90 1, 423
1898.
Apr. 25 | A L. Fellows. o oo et ca e i 5.15 4, 802
May 23 |..... s S 5.85 6, 087
June 27 |..... 16 LS Y 7.40 | 11,215
Aug. 27 |..... (o YN 3.35 1,237
Oct. 15 |..... Lo Lo YR 3.20 949
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Discharge measurements made on Grand River at Grand Junction—Continued.

Date. Hydrographer, . h%?ggﬁt. clgirsg‘e.
1899. Feet. See.-ft.
Apr. 15 | A L. Fellows. .. ... o i iiiiiiiianns 4.70 2,946
May 13 |..... AO e s 10.00 | 23,153
June 18 |..... QO e e 11.55 | 2 40, 000
Sept. 19 [.._.. O L e 4.20 | 1,989
Nov. 18 |..... QO e 3.90 | 1,916

1900.
Mar. 20 | A.L.Fellows ... .. i 4.15 1,762
July 7 |..... A0 — e e el 5.80 | 6,177

a Approximate.
L

GUNNISON RIVER AT IOLA.

Gunnison River, the largest tributary of the Grand in Colorado,
rises in the south central part of the State, in the Saguache Mountains
and Cochetopa Hills, and flows in a westerly direction, emptying into
the Grand near the western boundary of the State, # short distance
from Grand Junction. Comparatively little of the water is yet used
for irrigation, but a canal line has now been surveyed with a view
to taking the water from Gunnison River and carrying it to the
valley of the Uncompahgre for the purpose of irrigating the fertile
plains there. It was for the purpose of determining the amount of
water available for such a project that the lola station was located,
although several important tributaries enter the Gunnison between
the point selected at Iola and the point where the canal would prob-
ably be taken out. The rod is placed at a wagon bridge which crosses
the Gunnison about one-quarter of a mile above the railroad station
of the Denver and Rio Grande Railroad at Iola, measurements having
been made and records kept up during the year 1900 only. The
channel is favorable to accuracy, being wide, and the bed being of
gravel and bowlders and not particularly liable to change. The
banks, although not high, are not subject to overflow.*

a For more specific information concerning this station see Tenth Biennial Report of the State
Engineer of Colorado, p. 357; Water-Supply and (rrigation Paper, U. 8. Geological Survey, No. 50, p.
378. .
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Estimated monthly discharge of Gunwison River at Iola.

[Drainage area, 2,298 square miles.]

Discharge in second-feet. Run-off.
Month. o Total in acre- | geqong-
. Maxi- Mini- Mean feet. feet per | Depth in
mum. mum. * square | inches,
mile.
April..oooooooo. ..., 1,258 551 773 45,997 |  0.34 0.38
May - 4,388 | 1,157 | 2,875 | 176,777 | 1.2 1.44
June ... ..., 4,265 | 1,460 | 2,726 162,208 | 1.19 1.33
July eoeoe . 1, 359 350 727 44,701 .32 .37
August ..........o...... 450 350 360 22,136 .16 .18
September....__..__.... 350 250 260 15,471 .11 .12
October ................ 250 250 250 15,372 ] 11 .13

Discharge measurements made on Gunnison River at Iola.

[Hydrographer, A. L, Fellows.]

Date. h(éf'égft. ch];i‘ze.

1900. Feet. See.-ft.
May 3. . o e e e e e ammeme e eme—a——an 3.00 1,272
JUne 28 L 3.40 1,658
JULY B e 2.90 1,169
August O e 2.20 431
AgUSt 2B e meaa——aan 2.10 392

GUNNISON RIVER AT GRAND JUNCTION.

This station was located on July 3, 1895, at the wagon bridge across
the Gunnison, about 1 mile from its junction with the Grand, and
observations were made until December 21 of that year, after which
none were made until 1897. The station was never satisfactory, high
water from Grand River setting back into the mouth of the Gunnison,
making the gage readings unreliable. The readings were discontinued,
therefore, after the fall of 1899. The channel was uneven -ard some-
what shifting, some very large bowlders interfering very m-terially
with the gagings. The banks are so high that there was no liability
of overflow.¢ '

aFor more detailed information concerning this station see Biennial Reports of the State Engineers
of Colorado: Eighth, p. 544; Ninth, p. 401; Tenth, p. 359. Also publications U. 8. Geological Survey:
Nineteenth Annual Report, Part IV, p. 404; Twentieth, Part IV, p. 890; Twenty-first, Pa~t IV, p. 278;
Bulletin No. 140, p. 189; Water-Supply and Irrigation Papers: No. 18, p. 141; No. 28, pp. 136, 142, and
144; No. 37, p. 207; No. 39, p. 451.
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- Estimated monthly discharge of Gunnison River at Grand Junction
[Altitude, 4,594 feet; drainage area, 7,935 square miles.]
Discharge in second-feet. Run-off.
Month. ) . Total in acre- | geoond- .
mum, | mum, | Mean. Somre | oehes
mile.

1897.
May ..., 20,732 | 11,844 | 16,921 1,040, 438 2.13 2. 46
June .. ... ... ___.... 19,116 | 5,370 | 11,161 664, 124 1.41 1.57
July c.. ... 5,870 | 1,510 | 3,231 198, 668 .41 .47
August ..., 1,850 160« 976 59, 951 .12 14
September_ ... ... __.... 1,510 160 628 37,369 .09 .0y
October _............... 2,020 | 1,060 | 1,472 90,510 .19 .22
November...._.......... 1, 200 230 933 55, 517 .12 .13

1898. ‘ { ‘\
May «oocomeeeaa . 8,996 3,965 | 5,318 326, 993 .67 77
June ................... 11,361 | 4,158 8,850 | 526,610 | 1.12 1.25
July oo | 3,965 1,076 2,543  156,364{ .32 .37
August ..o | 968 578 | 689 42,365 .09 .10
September. ... _._.... | 5781 899 479 28, 502 .06 .07
October ..__...._....... Loer2| 399 533 32,778 .07 .08
November.............. | 672 314 497 ‘ 29, 573 .06 .07

1899. ‘ ! \
April______ ... 8,792 ' 968 | 3,550 | 211, 240 45 .50
MY oo, | 16,750 | 3,902 | 10,296 | 633,080 | ,1.30 1.50
June ..., 16, 752 1 8,078 | 12,380 | 736,662 | 1.56 1.74
July ool 8,430 | 2,246 | 4,349 ’ 267,410 .55 .63
August ..., 4,562 908 | 1,921 118,118 .24 .98
September. . ____........ | 1,000 758 875 52, 066 .11 .12

I ' ]

Discharge measurements made on Gunnison River at Grand Junction.

Date. Hydrographer. h(e}{ga%ft. c}:gir:e.
1894, Feet. Sec.+ft.
Oct. 17 | AL P, Davis oo e e e e et 1.25 748

1895.
June 28 | A, P, Davis. oot 4.74 4,178
July 17 |..... & 1o 3.60 2,642
Oct. 1 |..... Ao e e 1.95 781

1897, .
Apr. 20 | C. C. Babb .o 5.20 5,975
May 20 | W. B. Dougall ... .. .. . 7.30 6, 644
July 28 | F. Cogswell. .o ..o e e ceeeaceeiaaaaanen 2. 65 1, 814
Sept. 28 [..... o 1o T DI 2.40 1, 246
Oct. 27 |..... & Vo YN 2. 50 1,270
Nov. 23 | C.C. Babb o .o 2.30 828
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Discharge measurements made on Gunnison River at Grand Junction.—Continued.

Date. Hydrographer. - h(g%gﬁ_ chI;irze.
1898. Feet. See.-ft.
Apr. 26 | A L. Fellows. ... ... i 4.65 5,932
May 23 |..... 5 o 450 4,647
June 28 |..... ' o Y 4.62 5,274
Aug. 27 |.._.. 5 T SN 1.80 866
Oct. 15 |oe oo e@O et e 1.50 578

1899.
Apr. 15§ A. Lo Fellows. ..o o i 3.50 3,002
May 13 |..... G U Y 7.00 | 14,280
June 18 |. ... O e e e e 7.15 | 12,769
Sept. 19 ... & 7o 2 2.20 1,061
Nov. 18 |..... 8 5 2.00 968
1900.
Mar. 20 | A, L. Fellows. . ... .. i 2.50 1, 477
July 7 |..... do ...... B e e 2. 90 2,121

UNCOMPAHGRE RIVER AT FORT CRAWFORD.

Uncompahgre River rises in Ouray County, in the high peaks of
sonthwestern Colorado, and flows northwesterly, emptying into Gun-
nison River at Delta. The upper portion of its drainage basin is
mountainous, but farther downstream the country is less broken and
irrigation is possible along the valleys and adjacent mesas. Water is
used to a certain extent for power purposes and in milling along the
upper course of the stream. In the vicinity of Montrose a number of
canals divert nearly all of the normal flow for irrigatior purposes,
and recourse must be had to storage or to the diversion of the waters
of the Gunnison, already mentioned, for further irrigation in this
district. The Fort Crawford station is located at a wagon bridge
about one-quarter of a mile east of the railroad station at Fort Craw-
ford, the post-office, known as Uncompahgre, being aboit 8 miles
above, or south of, Montrose. The channel proved unsetisfactory,
consisting of gravel bars which changed radically from time to time,
rendering the rating tables untrustworthy. The discharge tables are
therefore largely approximate.®

aFor further details concerning this station, see Biennial Reports of the State Engineers of Colo-
rado: Fifth, Part I, pp. 19 and 41, and Part I1, P1. XIX; Eighth, p. 528; Ninth, p. 40* Tenth, p. 361.
Also publications U. 8. Geological Survey: Eighteenth Annual Report, Part IV, p. 265; Nineteenth,
Part IV, p. 402; Twentieth, Part IV, p. 391; Twenty-first, Part IV, p. 279; Bulletin No. 140, p. 188;
Water-Supply and Irrigation Papers, No. 11, p. 69; No. 16, p. 139; No. 28, pp. 136, 142, and 144; No. 37,
P. 296; No. 39, p. 451. Also Report on Agriculture by Irrigation, Eleventh Census, by F. H. Newell,
p. 122, .
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Marimum and minimum discharge and average run-off of Uncompahgre River at Fort
Crawford for that portion of each year covered by records.

|

Discharge. Run-ofi.e

Year. Minimum. Maximum. Second-

Depth in | feet per

inches. square

Date. Amount. Date. Amount. mile,
Sec.-ft. Sec.+ft.
1895 e Nov. 6 55 | June 28 1, 535 0.78 0.70
1896. ... . .......... Aug. 15 10 | May 27 3,375 .64 .58
1897 L Sept. 1 55 | June 15 1,467 .92 .83
1898. ... Aug. 3 15 | June 24 985 .58 .52
1899 .. ... Sept. 10 4 | June 15 1,163 .72 .65
i

aThe run-off given is for that part of each year covered by the observations and for a thirty-day

month, at the rate given as the mean second-feet per square mile for the period covered.

Discharge measurements made o Uncompahgre River at Fort Craagfor.

Date. Hydrogr- pher. h(é?gg‘lft. ch?zi:é_e.
1895. . Feet. Sec.-ft.
June 25 | F. Cogswell. ..o oo i i 4.60 834
Aug. 26 |..... L 3.25 218
Oct. 7|..... A0 — e i 2.60 89
Nov. 18 |..... G o : 2.55 92

|

1896. ‘
May 11 | F. Cogswell ... ... . ... ! 4.30 568
June 15 |._... 5 o S U ’ 4.10 560
July 18 |._._. 4 R ‘ 3.50 204
Ang. 21 [ .... S 1 | 2,90 31
Sept. 21 |.._.. A0 - oo ‘ 3.25 122
Oct. 18 |..... s 1 2 ‘ 3.10 95

1897. |
Apr. 18 | F. Cogswell .~ ... . ... iii.... 3.90 487
May 10 |..... QO - 4.55 884
June 21 |._._. & Lo 5.05 1,081
July 19 |..... & Lo 4.50 473
Aug. 23 |.._.. QO e B R 70
Sept. 20 |..... QO - oo © 3.85 153
Oct. 18 |..... A0 e . 4.00 195

1898. ‘
Apr. 5| A L. Fellows......._...._...._. et emtaeaeaeaan. ‘ 3.55 91
May 91|..... QO e i 3.92) 203
June 15 |..... s L 5.18 720
Aug. 12 1., QO - o e . 3.80 74
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Discharge measurements made on Uncompahgre River at Fort Crawford—Cont’d. .

Date. Hydrographer. h%?gglft. clgi:g-e.
1898. Feet. See.+ft.
Oct. 16 | A. L. Fellows.____ N e em e mamemmee e emam———neaan 3.75 56

1899.
Apr. 16 | A. L. Fellows. .. ... ... ........... et 4. 50 328
May 15 1..... 5 o 5.22 747
June 19 _.... 5 0 T DI 5.18 773
Sept. 21 |..... AO oo e 3.65 69
Nov. 20 |..... 5 1o I 3.70 79

UNCOMPAHGRE RIVER AT MONTROSE,

This station was located at Montrose in the fall of 1899, no records
being kept, however, until the spring of 1900. There is but little
water at this point during the greater part of the year, as the canals
above divert most of the flow. The station is located at a bridge
crossing the river opposite the town of Montrose, about one-half of a
mile from the station of the Denver and Rio Grande Railroad. The
channel is favorable to aceuracy, being of gravel and howlders and not
liable to change, and the banks are high and not subjec* to overflow.
Records were kept up for a short time only, as there was but little
water during the greater part of the irrigation season of 1900.¢

Estimated monthly discharge of Uncompahgre River at Montrose.

[Altitude, 5,811 feet; drainage area, 565 square miles,]

Discharge in second-feet. Run-off.
Month. Maxi . Totalfeiélt'acre— ?ectond- Denth i
mom, | mom, | Mean. square | inches.
- mile.
1900. ,
April 830 ... _....... 71 18 511 A R R
May ..ol . 369 51 177 | - 10, 883 0.31 0.36
June ................ ... 369 122 260 15,471 .46 .52
July1-7 ... ... 158 68 57 (Y PR (R

aFor further details coneerning this station, see Tenth Biennial Report of the State Engineer of
Colorado, p. 363. Also Water-Supply and Irrigation Paper, U. 8, Geological Survey, No. 50, p. 379.
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Discharge measurements made on Uncompahgre River at Montrose.

[Hydrographer, A, L. Fellows.]

Date. hg{.é‘ ; Discharge.
1899. Feet. Sees-ft.
Sept. 20 . e 0.40 15
NOV. 20, . o e e NG .45 15
1900.
JUly B o e 1.80 150
B T .50 2

DOLORES RIVER AT DOLORES.

Dolores River is an important tributary of Grand River, rising in
the La Plata and San Miguel Mountains, of which the highest peak,
Mount Wilson, attains an elevation of over 14,000 feet. Its course is
southwesterly for about 50 miles, where it turns and flows ir an almost
due northerly direction for nearly 100 miles, when it again turrs west and
enters Grand River, after crossing the Colorado-Utah line. The river
flows for the greater part of its course through deep canyons. and com-
paratively little irrigation is practiced along the stream itself, excepting
in the vicinity of Dolores, where for some 40 miles the valley widens
out to from one-half of a mile to one mile, and a considerable area is
cultivated. In the Paradox Valley again considerable lard is culti-
vated, mostly, however, from small tributaries running into the main
stream. At Rico a portion of the water is used for the development
of power. By far the greater part of Dolores River, however, is used
in the San Juan irrigation division, being diverted by mean< of a tun-
nel and a greai cut into the Montezuma Valley. The head gates of the
canals carrying this water are about 2 miles west of the present town
of Dolores. The gaging station is located above these head gates and
about one-half of a mile above the Rio Grande Southern Railroad sta-
tion at Dolores. The channel is fairly favorable to accurste results,
the bed being of small stones and gravel, and the banks F=ing high
and not liable to overflow.®

aFor further details concerning this station, see Biennial Reports of the State Engineers of Colorado:
Eighth, p. 616; Ninth, p. 405; Tenth, p. 364. Also publications U, S. Geological Survey: Eighteenth
Annual Report, Part IV, p. 261; Nineteenth, Part IV, p, 407; Twentieth, Part IV, p». 312 and 408;
Twenty first, Part IV, p. 282; Bulletin No. 140, p. 191; Water-Supply and Irrigation Papers: No. 11, p.
68; No. 16, p. 143; No. 28, pp. 138, 142, and 144; No. 38, p. 305; No. 39, p. 451; No. 50, p. 380. Also Report
on Agriculture by Irrigation, Eleventh Census, by F. H. Newell, p. 122,
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Mazximum and minimum discharge and average run-off of Dolores River at Dolores for
that portion of each year covered by records.

Discharge. Run-off.a
Year. Minimum. Maximum. Second-
o Depth in | feet per
inches. square
Date. Amount. Date, Amount. mile.
Sec.t. See.f.
1895. ... ... Nov. 8 42 | June 27 848 0.78 0.70
1896 ... ..o.o.... Aug. 16 8 | Apr. 26 1,578 .69 .62
1897 ... Aug. 31 76 | Apr. 18 2,944 1.82 1.63
1898. ... Sept. 25 34 | June 2 2,030 1.22 1.09
1899, . .............. Sept. 5 23 | May 14 1,461 .61 .55
1900 ... ._....... Aug. 26 20 | May 19 1,731 .73 .66

@ The run-off given is the total acre-feet for the eight months of each year, the average second-feet
per square mile, and the depth in inches for thirty days at the average rate.

Discharge measurements inade on Dolores River at Dolores

Date. Hydrographer. hg"!f]ft.
1895. Feet.
June 22 | F.Cogswell ... . .. .. ea.-. 3.50
Aug. 28 . ... QO e 2.70
Oct. 9 ... QO o e Seeaenn 2.50
Nov. 20 |..... QO e eieeaan 2.40

1896.
May 13 1 F.Cogswell - ..o e 3.50
May 14 |..... [ e 3.50
June 17 |.._.. 5 1o S 3.00
July 21 |..... QO s 2.80
Aug. 24 |..... 5 LN 2.60
Sept. 23 |..... & 1 4.80°
Sept. 24 |____. 5 1 U +.15
Oct. 1 ..... L 1 2.75

1897.
Apr. 21 | F. Cogswell ... o i 5.10
May 12 ... 5 0 5.15
June 23 |..... e o I 4. 20
July 21 )..... 6 3.00
Aug. 25 |..... QO s 3.65
Sept. 22 |.._.. 6 1 3.32
Oct. 20 |..... 5 1o N 3.35

1898.
Apr. 8| AL . Fellows ... ... io i iiiiiaaaaans 3.15
May 12 |..... T 4.30
June 17 [._... 1 S SUP 4.80

Dis-
charge.

Sec.-ft.
756
163

75

2,133
2,216
1,089
273
92
404
330

325
1,163
1,870
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Discharge measurements made on Dolores River at Dolores—Continued.

Date. Hydrographer. h%?gg}ft. ch]zlix?é e
1898. Feet. | See.ft.
Aug. 16 | G. H. Matthes . ... ... ... 2.80 102
Sept. 11 {..... QO e e ‘2.70 72
Sept. 28 |..... 6 2. 55 46
Oct. 21| A L. Fellows_..o..........o..._. . 2.55 40

1899.
Apr. 20 | A, L. Fellows . . .o iaiiiaa 3.60 613
May 17 ..... 0 +4.15 963
June 27 ... 6 1o 3.30 307
Nov. 22 |..... 16 S 2.70 56

1900.
Mar. 24 | A. L. Fellows..._.. ... ..ooiiaaa.. R 2.90 145
May 5 |..... Q0 e 3.90 767
. June 27 |..... [ o R o e eaeaaaaas 3.25 320
Aug. 11 |..... A0 - e 2.60 31

SAN MIGUEL RIVER AT FALL CREEK.

This stream, an important tributary of the Dolores, rises in San
Miguel County and drains an area immediately west of the headwaters
of Uncompahgre River. The stream and its tributaries run for the
most part in a northeasterly direction, and it enters the Dolores in
the western part of Montrose County. A comparatively small amount
of water has thus far been used for irrigation, but p'ans are now
being developed having reference to the use of the water on a consid-
erable scale in the western part of San Miguel County. The station
is located at a wagon bridge near the railway station at Fall Creek.
The channel is fairly stable and the banks are not liable to overflow.
The station was discontinued in the fall of 1899.¢

aFor further information concerning this station see Biennial Reports of the State Engineers of
Colorado: Eighth, p. 522; Ninth, p. 407; Tenth, p. 368. Also publications U. S. Geological Survey:
Annual Reports, Eighteenth, Part IV, p. 264; Nineteenth, Part IV, p. 406; Twentieth, Part IV, p. 395;
Twenty-first, Part IV, p. 283; Bulletin No. 140, p. 193; Water-Supply and Irrigation Papers, No. 11. p.
68; No. 16, p. 142; No. 28, pp. 137,142, and 144; No. 38, p. 306; No. 39, p. 451. Also report on Agriculture
by Irrigation, Eleventh Census, by F. H. Newell, p. 131,
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Maximum and minimwmn discharge and average run-off of San Miguel River at Fall Creeek
Jor that portion of each year covered by records.

[
| Discharge. ) Run-off.a
|
Year. Minimum, Maximum. i Second-
o D.ep}::lh in | feet per
| ! es. square
Date.  Amount.| Date. | Amount. | e hile.
j } See.ft. J See.-ft. ‘
1895, .. ... I Dec. 24 6 | June 29 t 587 | 0. 87 0.78
1896_. ... ... ' Nov. 7 22 | May 27 | 2,404 | .82 .74
1897 ... ... Apr. 4 52 | June 16 997 ,  1.08 .97
1898 ... Nov. 21 22| June 23 | 1,335 | .84 .76
1899 ... "apr. 2! 25! June 11 { 1,000 t 75 .68

aThe run-off is for the average of second-feet per square mile, and the depth in inches for thirty
days at the average rate.

Discharge measurements made on San Miguel River at Fall Creek.

Date. Hydrographer. - ! hgiagglft. ckgirsée.
1895. Feet. Sec.ft.
June 24 | F. Cogswell ... .. .. . oo, 4.00 512
Aug. 27 | ... s L T 3.20 205
Oct. 81{..... A0 e 2.65 81

1896.
May 12 | F. Cogswell. . ... . iciiiiiaaann 3.75 360
June 16 |.._.. s T . 3.45 290
July 20 |..... s L YT 3.15 175
Aug. 23 |..... QO - oo 2.60 62
Sept. 22 |..__. ' Lo 2.75 85
Oct. 20 |..... L Y 2.60 63

1897.
Apr. 20 | F. Cogswell. . ... il e 3.40 304
May 11 |..... s Lo J 4. 05 572
June 22 |..__. QO e 4. 45 811
July 20 !.._.. L T 3.45 336
Aug. 24 | ___. ' o 2.85 145
Sept. 21 |..._.. AO oo 3.30 248
Oct. 19 |..... QO oot e e e 3.05 | " 197

1898.
Apr. 7| A L. FelloWs. .. .n oo 2. 50 66
May 11 |..... ' Lo R 3.30 270
June 16 |..... s L Y PN 4.40 841
Aug. 13 |..... i U I 2.80 133
Oct. 17 I..... s (PP [ 2.30 30
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Discharge measurements made on San Miguel River ai Fall (reek—Continued.

Date. Hydrographer. hcé?ggﬁt. chlg)mirsg,;e.
1899. Feet. Sec.-ft.
Apr. 18 | A L. Fellows. . oo e 2.85 164
May 16 |..... 3 L 3 70 562
June 21 |..... 5 1 N 3 60 449
Nov. 21 |..... & L R 2.35 52

MISCELLANEOUS MEASUREMENTS.

But few measurements are on record for this division, the danger
of shortage having been only recently felt. Many measurements have
undoubtedly been made, mostly for the purpose of ascertaining the
flow with reference to development of power, but these are not, as a
rule, available. Further investigations are needed in this division, as
the supply of water will become of great moment before many vears
have elapsed. The following are, however, on record. Other meas-
urements may also be found on page 108 et seq. of the Ninth Biennial
Report of the State Engineer:

Stream measurements in Grand River division.

Date. Hydrographer. Stream. ( Locality. cgrs"ée.
1895. See.-ft,
Oct. 22 | D.R.Crosby....... Grand River........... Palisade . ...... 2,767

1809, | |
Apr. 19 | A.L.Fellows ._.... Dolores................ Rico .......... 168
May 16 EEREE do ...l Fall Creek. ... ...... Falls Creek ... 62
June 17 ._... do .ol Roaring Fork ..._.._... i Glenwood ..... 11,258
June 21 ... do el I Fall Creek............. l Fall Creek..... 45
Sept. 22 . do o | Dolores. -ovnomeen . Rico «onon... 23
Nov. 17 |..... do ... ‘ Roaring Fork .......... Glenwood ... .. 457
Nov. 22 ... do e | Dolores. ....coueooao... Rico .. ... ... 16
1900. | ‘
July 8| A.T.Fellows ...... | Roaring Fork .......... i Glenwood . .... 1,570
Aug. 23 |..._. do oo |‘ ..... s (< T } ..... do ...o-.. 423

IRR T4—02-——10
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GREEN RIVER DIVISION.

DRAINAGE AND IRRIGATION.

Green River and its tributaries drain the northwestern corner of
Colorado. The Green itself traverses Colorado for only a very short
distance, and during its course it runs through a deep canyon, so that
but little irrigation is practiced along its borders, this being on the
bottom lands. It is possible, however, that a tract of land of consid-
erable size may eventually be irrigated from this stream, in the
extreme northwestern corner of the State. The principal tributaries
of the Green in Colorado are Yampa and White rivers. These drain
areas of considerable size and importance, in which there are vast
tracts of irrigable land that will undoubtedly be eventually cultivated
so far as the water supply will permit. These streams resemble the
tributaries of Grand River in general, excepting that they traverse a
country that is more open and rolling. Not much irrigation is now
practiced except along lands immediately adjoining the stream, but a
number of plans have been projected for taking the water on to the
uplands, which will no doubt be eventually carried out. No perma-
nent stations have heen maintained anywhere in this division, so that
all measurements on record are compiled in the following list of mis-
cellaneous gagings. Problems relating to the use of water are, how-
- ever, becoming of great moment in this part of the State, and it is
important that stations should be established at as early a date as
possible, at least upon the main streams.

The Green River irrigation division, as a political subdivision, com-
prises all lands in Colorado drained by Green River and its tributaries.
The water districts of whieh it is composed are Nos. 43, 44, 54, 55, 56,
57, and 58. No. 43 consists of the lands irrigated by ditches taken
from White River and its tributaries; No. +£ of lands irrigated by
water taken from that portion of Yampa River above the mouth of
Little Snake River and below the mouth of Fortification Creek, and
from the tributaries to that portion of Yampa River; No. 54 of all
lands lying in the State of Colorado irrigated by water taken from
that portion of Little Snake River and its tributaries above the most
westerly intersection of said river with the Colorado State line; No.
55 of all lands irrigated by water from the Yampa or Little Snake
rivers and their tributaries helow districts Nos. 44 and 55; No. 56 of
Green River and tributaries in Colorado, except Yampa River; No. 57
of Yampa River and tributaries between the mouth of Fortification
Creek and Elk River; and No. 58 of Yampa River and tributaries
above No. 57. But little attention has thus far been paid to the
priorities of water rights in these districts.®

a¥or further data concerning this division, see publications U. 8. Geological Survey: Ninth Annual
Report, p. 677; Eighteenth, Part IV, p. 268; Nineteenth, Part IV, p. 394; Twentieth, Part IV, p. 380;
Eleventh Census Irrigation Report by F. H. Newell and Bulletin No. 140, p. 200. Also Biennial
Reports of the State Engineer of Colorado, Ninth, p. 409; and all biennial reports for commissioners’
reports.
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MISCELLANEOUS GAGINGS.

In the following table are given the results of gagings made in May,
1895, and September, 1898, on certain specitied streams in the Green
River irrigation division:

Miseellaneous gagings made in the Green River irrigation division.

Date. i Hydrographer. Stream. Locality. ch]gmi'sg.re‘
1895, | ' See.-ft.
May 16 | H. A. Sumner ...| White River...._.. White River ......... ‘ 3,047

1898. ‘
Sept. 14 A. L. Fellows....! White River....... Meeker «o.oocnaiao. 300
Sept. 15 ..... do ...o..... l Williams River ....| Hamilton .........._. 25
Sept. 17 |..... do .......... } Yampa River...... 3 miles below Hayden. 111

Do. ..... do ........... Elk River ......_.. Trall ..., 63
Sept. 18 e do ... ....... ‘ Yampa River...... Steamboat Springs. ... 65
Sept. 19 |..._.do ..._...._. Snake River .._.... Homnold............. 17
Sept. 20 |..... do eeen. " Slater Fork ........| Slater................ 9
Sept. 21 |..... do.......... Snake River ..._... Dixon, Wyo.......... 19
Sept. 22 ... do ... Yampa River...... Below Maybell .. _.._. 99
Sept. 24 ... do....... .. ! Green River.......  Ladore .............. 552
Sept. 26 |..... 16 1 S | Yampa River...... Cralg . oocnueeaaoaon. 79
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